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Description 

This invention relates to new diphosphonic acid compounds and pharmaceutical^ acceptable salts 
thereof. 

5 More particularly, it relates to new diphosphonic acid compounds and pharmaceuticaliy acceptable salts 
thereof which have inhibitory activities on bone resorption, to processes for the preparation thereof, to a 
pharmaceutical composition comprising the same and to its use as a medicament for the treatment of bone 
diseases characterized by abnormal bone metabolism in human beings or animals. 

One object of this invention is to provide new and useful diphosphonic acid compounds and phar- 
10 maceutically acceptable salts thereof which possess inhibitory activities on bone resorption. 

Another object of this invention is to provide processes for the preparation of said diphosphonic acid 
compounds and salts thereof. 

A further object of this invention is to provide a pharmaceutical composition comprising, as an active 
ingredient, said diphosphonic acid compounds and pharmaceuticaliy acceptable salts thereof. 
15 Still further object of this invention is to provide a medicament for use in the treatment of bone diseases 
characterized by abnormal bone metabolism such as osteoporosis, Paget's bone disease, osteolysis, 
hypercalcemia of malignancy and rheumatoid arthritis. 

It has been known as described in U.S. Patent No. 3,906,062 that some of the alkyl ester derivatives of 
the object compounds as stated below have pesticidal activity. However, it has never been known that they 
20 have inhibitory activities on bone resorption. 

It has been known as described in German Patent Application publication No. 2741513 that some 
acylaminoalkylidenediphosphonic acid compounds are useful as a polishing agent in dentifrice preparations. 
However, it has never been known that they have inhibitory activities on bone resorption. 

Some diphosphonic acid compounds having antiinflammatory and antirheumatic activities have been 
25 known as described in European Patent Application publication No. 100718. 

Some diphosphonic acid compounds which are useful for the treatment of bone diseases have been 
known as described in European Patent Application publication No. 170228. 

The object diphosphonic acid compounds of this invention are new and can be represented by the 
following general formula [I]: 



30 



35 



R 1 



O A O 

H0 \ll I il^OH 

p_ c - p fI] 

HO | OH 

R Z 



40 wherein 

R 1 -A- is a group of the formula : 



45 



X 



R -NH-O, R -C-NH- or R -SOjNH- 



in which 

50 R 1 is aryl or a heterocyclic group, each of which may be substituted with substituent(s) 

selected from the group consisting of Ci-Cg alkyl, Ci-C 5 alkoxy, Ci-Ce alkylthio, halo(Ci-Cs)- 
alkyl, acyl, acyiamino and halogen, or Ci-Ce alkyl which may be substituted with a 
heterocyclic group optionally substituted with acyl, and 
X is O or S, and 
55 R 2 is hydrogen or Ci-Cg alkyl, 

provided that when R 1 is Ci-Cg alkyl, then 
R 1 -A- is a group of the formula : 
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Til I 

R -NH-C- or R -S0 2 -NH- 



w 



15 



20 



in which R 1 and X are each as defined above. 
The object compound [I] or its salt can be prepared by processes as illustrated in the following reaction 
schemes. 
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Process 2 
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Process 4 



,3 



R l Elimination of R l 

j the hydroxy- i 

0 5 Protective q A O 



R x „ , || R group HO^,, , , , ^OH 

p_ C _p' P-C-P 

R 4 " 1 2 V HO- | V OH 

R Z R^ 

[VII] [I] 
or its salt or its salt 

75 

wherein 

R 3 , R 4 ", R 5 and R 6 are each protected hydroxy, and 
R 1 , R 2 , A and X are each as defined above. 

In the above and subsequent description of the present specification, suitable examples of the various 
20 definitions to be included within the scope of the invention are explained in detail in the following. 

The term "lower" is intended to mean a group having 1 to 6 carbon atom(s), unless otherwise provided. 

Suitable "aryl" may be phenyl, naphthyl, tolyl, mesityl, cumenyl, and the like, preferably phenyl, 
naphthyf and Ci-Cg alkyl [e.g. methyl, ethyl, propyl, isopropyl, butyl, isobutyl, pentyl, hexyl, etc.] substituted 
phenyl. 

25 Suitable "heterocyclic group" may include saturated or unsaturated, monocyclic or polycyclic one 
containing at least one hetero atom such as nitrogen atom, oxygen atom or sulfur atom. 

The preferred examples of thus defined "heterocyclic group" may be unsaturated, 3 to 8-membered, 
more preferably 5 or 6-membered heteromonocyclic group containing 1 to 4-nitrogen atom(s), for example, 
pyrrolyl, imidazolyl, pyrazolyl, pyridyl, pyridyl N-oxide, dihydropyridyl, tetrahydropyridyl, pyrimidyl, 
30 pyrazinyl, pyridazinyi, triazinyl, triazolyl, tetrazinyl, tetrazolyl, etc.; 

unsaturated, condensed heterocyclic group containing I to 5 nitrogen atom(s) J for example, indolyl, 
isoindolyl, indoiizinyl, benzimidazolyl, quinolyl, isoquinolyl, indazolyl, benzotriazolyl, etc.; 

unsaturated, 3 to 8-membered heteromonocyclic group containing I to 2 oxygen atom(s) and I to 3 
nitrogen atom(s), for example, oxazolyl, isoxazoiyl, oxadiazoiyl, etc.; 
35 saturated, 3 to 8-membered heteromonocyclic group containing I to 2 oxygen atom(s) and I to 3 nitrogen 
atom(s), for example, morpholino, sydnonyl, etc.; 

unsaturated, condensed heterocyclic group containing I to 2 oxygen atom(s) and I to 3 nitrogen atom(s), 
for example, benzoxazolyl, benzoxadiazolyl, etc.; 
unsaturated, 3 to 8-membered heteromonocyclic group containing I to 2 sulfur atom(s) and I to 3 nitrogen 
40 atom(s), for example, thiazolyl, isothiazolyl, thiadiazolyl, etc.; 

unsaturated, 3 to 8-membered heteromonocyclic group containing I to 2 sulfur atom(s), for example, 
thienyl, etc.; 

unsaturated, condensed heterocyclic group containing I to 2 sulfur atom(s) and I to 3 nitrogen atom(s), for 
example, benzothiazolyl, benzothiadiazolyl, etc.; 
45 unsaturated, 3 to 8-membered heteromonocyclic group containing an oxygen atom, for example, furyl, 
etc.; 

unsaturated, condensed heterocyclic group containing I to 2 sulfur atom(s), for example, benzothienyl, 
etc.; 

unsaturated, condensed heterocyclic group containing I to 2 oxygen atom(s), for example, benzofuranyl, 
so etc.; or the like. 

The above-mentioned "aryl" and "heterocyclic group" may be substituted with one or more, preferably 
one to three, more preferably one or two substituent(s) selected from the group consisting of the aforesaid 
Ci-Cg alkyl; Ci-Cs alkoxy [e.g. methoxy, ethoxy, propoxy, isopropoxy, butoxy, pentyloxy, hexyloxy, etc.]; 
Ci-Ce alkylthio[e.g. methylthio, ethylthio, propylthio, isopropylthio, butyithio, pentylthio, hexylthio, etc.]; halo- 
55 (Ci-C 5 )alkyi, preferably mono-, di- or tri(halo)-Ci -C G alkyl [e.g. chloromethyl, bromomethyl, fluoromethyl, 
dichloromethyl, difluoromethyl, trifluoromethyl, 2-chloroethyl, 2-bromoethyl, 3-chloropropyl, etc.]; acyl such 
as Ci-C e alkanoyl [e.g. formyl, acetyl, propionyl, hexanoyl, pivaloyi, etc.], Ci-C 6 alkoxycarbonyl [e.g. 
methoxycarbonyl, ethoxycarbonyl, tert-butoxycarbonyl, tert-pentyloxycarbonyl, hexyloxycarbonyl, etc.], ar- 
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(Ci-C&)alkoxycarbonyl [e.g. benzyloxycarbonyl, etc.], Ci-C e alkylsulfonyl [e.g. mesyl, ethylsulfonyl, etc.], 
arylsulfonyl [e.g. phenylsulfonyl, tosyl, etc.], or the like; acylamino such as Ci-Cg alkanoylamino [e.g. 
formylamino, acetylamino, propionylamino, etc.], Ci-C 6 alkylsulfonyiamino [e.g. mesylamino, ethylsui- 
fonylamino, propylsulfonylamino, etc.] or the like; and halogen [e.g. fluoro, chioro, bromo, iodo, etc.]. 
5 Preferable example of "aryl or a heterocyclic group, each of which may be substituted with substituent- 
(s) selected from the group consisting of Ci-Cs alky I, Ci-C 6 alkoxy, Ci-C 6 alkylthio, halo(Ci-C 6 )alkyl, acyl, 
acyiamino and halogen" thus defined may be phenyl, naphthyl, mono or di or tri(Ci-C6)alkylphenyl [e.g. 
toiyl, ethylphenyl, propylphenyl, cumenyi, butylphenyl, xylyl, mesityl, etc.], mono or di or tri(Ci-C6)- 
alkoxyphenyl [e.g. methoxyphenyl, ethoxyphenyl, propoxyphenyl, isopropoxyphenyl, butoxyphenyl, neopen- 
10 tyloxyphenyl, di methoxyphenyl, etc.], mono or di or tri(Ci-C 6 )alkylthiophenyl [e.g. methylthiophenyl, ethyl- 
thiophenyl, propylthiophenyl, isopropylthiophenyl, butylthiophenyl, dimethylthiophenyl, etc.], mono or di or 
trihalophenyl [e.g. fluorophenyl, chlorophenyl, bromophenyl, iodophenyl, dichlorophenyl, (fluoro)- 
chlorophenyl, diiodophenyl, difluorophenyl, trifluorophenyl, trichlorophenyl, etc.], mono or di or tri[haIo(Ci- 
C G )aikyl]phenyl [e.g. chloromethylphenyi, dichioromethyiphenyl, trifluoromethylphenyl, di(trifluoromethyl)- 
75 phenyl, etc.], mono or di or triacylaminophenyl [e.g. mono or di or tri(Ci-Ce)alkanoylaminophenyl (e.g. 
formylaminophenyl, acetylaminophenyl, propionylaminophenyl, di(acetylamino)phenyl, etc.), mono or di or 
tri(Ci-C 6 )alkylsulfonylaminophenyl (e.g. mesylaminophenyl, ethylsulfonylaminophenyl, propylsul- 
fonylaminophenyi, di(mesylamino)phenyl, etc.), etc.], halogen and halo(Ci-C 6 )alkyl substituted phenyl [e.g. 
(chioro)trifluoromethylphenyl, (fluoro)trifluoromethylphenyl, di(chloro)chloromethylphenyl, etc.], Ci-C 5 alkoxy 
20 and halo(Ci-C 6 )alkyl substituted phenyl [e.g. (methoxy)trifiuoromethyiphenyl, (ethoxy)trifluoromethylphenyl, 
di(methoxy)chloromethy (phenyl, etc.], pyridyi, mono or di or tri(Ci-C 6 )alkylpyridyl [e.g. methylpyridyl, 
ethylpyridyl, propylpyridyl, dimethylpyridyl, etc.], imidazolyl, imidazolyl substituted with acyl such as Ci-Cs 
alkoxycarbonyl substituted imidazolyl [e.g. tert-butoxycarbonylimidazolyl, etc.] or the like, thienyl, quinoiyl, 
benzo[b]thienyl, benzothiazolyl and mono or di or trihalobenzothiazolyl [e.g. chlorobenzothiazolyl, fluoroben- 
25 zothiazolyl, etc.], in which more preferable one may be phenyl, mono(Ci-C^)alkylphenyl, mono (C1-C4) 
alkoxyphenyl, mono(Ci-C4.)alkylthiophenyl, mono or dihalophenyl, mono[halo(Ci-C4)alkyl]phenyl, mono(Ci- 
C4.)aikanoyIaminophenyl, mono(Ci-C4)alkylsulfonylaminophenyl, halogen and halo(Ci -Chalky! substituted 
phenyl, C1-C4 alkoxy and halo(Ci -Chalky! substituted phenyl, pyridyi, mono(Ci -Chalky Ipyridy I, imidazolyl, 
C1-C4 alkoxycarbonylimidazolyl, thienyl, quinoiyl, benzo[b]thienyl, benzothiazolyl and mono-haloben- 
30 zothiazolyl, and most preferable ones are phenyl, tolyl, naphthyl, methoxyphenyl, methylthiophenyl, 
chlorophenyl, fluorophenyl, dichlorophenyl, trifluoromethylphenyl, acetylaminophenyl, mesylaminophenyl, 
(chloro)trifluoromethylphenyl, (methoxy)trifluoromethylphenyl, pyridyi, methylpyridyl, imidazolyl, tert-butox- 
ycarbonylimidazoiyi, thienyl, quinoiyl, benzo[b]thienyl, benzothiazolyl and chlorobenzothiazolyl. 

Suitable "Ci-C 6 alkyl" may be a straight or branched one such as methyl, ethyl, propyl, isopropyl, 
35 butyl, isobutyl, tert-butyl, pentyl, hexyl, and the like, in which more preferable one may be C1-C4 alkyl and 
the most preferable ones are methyl and butyl. 

"Ci-C 6 alkyl" group for R 1 may be substituted with the above-mentioned heterocyclic group which may 
be substituted with the above-mentioned acyl. 

Suitable "protected hydroxy" may be hydroxy group protected by conventional protective group such 
40 as Ci-Cs alkoxy [e.g. methoxy, ethoxy, propoxy, isopropoxy, butoxy, sec-butoxy, isobutoxy, tert-butoxy, 
pentyloxy, neopentyloxy, hexyloxy, etc.], optionally substituted ar(Ci-C6)a!koxy, for example, mono or di- or 
triphenyl(Ci-C 6 )alkoxy which may be substituted with nitro [e.g. benzyloxy, 4-nitrobenzyloxy, benz- 
hydryloxy, trityloxy, etc.], or the like, in which the preferable example may be Ci-Cs alkoxy, more preferable 
one may be C1 -d alkoxy and the most preferable ones are ethoxy and isopropoxy. 
45 Suitable pharmaceutical^ acceptable salts of the object compounds [I] are conventional non-toxic salts 
and include an inorganic base salt such as an alkali metal salt [e.g. sodium salt, potassium salt, etc.], an 
alkaline earth metal salt [e.g. calcium salt, magnesium salt, etc.] or an ammonium salt; an organic base salt 
such as an organic amine salt [e.g. methylamine salt, ethylamine salt, propylamine salt, isopropylamine salt, 
butylamine salt, tert-butylamine salt, dimethylamine salt, diethylamine salt, trimethylamine salt, triethylamine 
50 salt, pyridine salt, picoline salt, dicyclohexylamine salt, N,N'-dibenzylethylenediamine salt, etc.], an organic 
acid addition salt [e.g. formate, acetate, trifluoroacetate, maleate, tartrate, methanesulfonate, benzenesul- 
fonate, toluenesulfonate, etc.], an inorganic acid addition salt [e.g. hydrochloride, hydrobromide, sulfate, 
phosphate, etc.], a salt with an amino acid [e.g. arginine salt, aspartic acid salt, glutamic acid salt, etc.], or 
the like. 

55 In this respect, it is to be noted the compounds [la] to [Ic] are included within the scope of the 
compounds [I], and accordingly the suitable salts of these compounds [la] to [Ic] are to be referred to those 
as exemplified for the object compounds [I] mentioned above. 

The processes for preparing the object compounds [I] of the present invention are explained in detail in 
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the following. 
Process I 

5 The object compound [la] or its salt can be prepared by reacting a compound [II] or its salt with a 
compound [ill] or its equivalent or a salt thereof. 

Suitable salts of the compound [II] can be referred to the base salts as exemplified for the compound 

[I]- 

Suitable salts of the compound [III] can be referred to the acid addition salts as exemplified for the 
io compound [I]. 

Suitable examples of equivalent of the compound [III] may include intermolecular condensed com- 
pounds of the compound [111] such as S-Ca-pyridyO-a^dihydro^H-pyridoII^-ahW.S-triazine^^-dione pre- 
pared by subjecting 2-pyridylisothiocyanate to intermolecular condensation, etc. 

This reaction is usually carried out in a solvent such as dioxane, tetrahydrofuran, benzene, chloroform, 
15 methylene chloride, N,N-dimethyIformamide or any other organic solvent which does not adversely 
influence the reaction. 

Further, this reaction can be carried out in the presence of a base such as an alkali metal [e.g. sodium, 
potassium, etc.], an alkaline earth metal [e.g. magnesium, calcium, etc.], the hydride or hydroxide thereof, 
alkali metal alkoxide [e.g. sodium methoxide, sodium ethoxide, potassium tert-butoxide, etc.], or the like. 
20 The reaction temperature is not critical and the reaction is usually carried out under cooling to heating. 

Process 2 

The object compound [lb] or its salt can be prepared by reacting a compound [IV] or its reactive 
25 derivative at the amino group or its salt with a compound [V] or its reactive derivative at the carboxy group 
or its salt. 

Suitable reactive derivative at the amino group of the compound [IV] may include Schiff's base type 
imino or its tautomeric enamine type isomer formed by the reaction of the compound [IV] with a carbonyl 
compound such as aldehyde, ketone or the like; a silyi derivative formed by the reaction of the compound 

30 [IV] with a silyl compound such as bis(trimethylsilyl)acetamide, mono(trimethylsilyl)acetamide, bis- 
(trimethylsNyl)urea or the like; a derivative formed by reaction of the compound [IV] with phosphorus 
trichloride or phosgene, and the like. 

Suitable salts of the compound [IV] and its reactive derivative can be referred to the ones as 
exemplified for the compound [I]. 

35 Suitable reactive derivative at the carboxy group of the compound [V] may include an acid halide, an 
acid anhydride, an activated amide, an activated ester, and the like. Suitable examples of the reactive 
derivatives may be an acid chloride; an acid azide; a mixed acid anhydride with an acid such as substituted 
phosphoric acid [e.g. dialkylphosphoric acid, phenylphosphoric acid, diphenylphosphoric acid, dibenzyl- 
phosphoric acid, halogenated phosphoric acid, etc.], dialkylphosphorous acid, sulfurous acid, thiosulfuric 

40 acid, sulfuric acid, sulfonic acid [e.g. methanesulfonic acid, etc.], aliphatic carboxylic acid [e.g. acetic acid, 
propionic acid, butyric acid, isobutyric acid, pivalic acid, pentanoic acid, isopentanoic acid, 2-ethy I butyric 
acid, trichloroacetic acid, etc.] or aromatic carboxylic acid [e.g. benzoic acid, etc.]; a symmetrical acid 
anhydride; an activated amide with imidazole, 4-substituted imidazole, dimethylpyrazoie, triazole or 
tetrazole; or an activated ester [e.g. cyanomethyl ester, methoxymethyl ester, dimethyliminomethyi [(CH 3 )- 

45 2 fi = CH-] ester, vinyl ester, propargyl ester, p-nitrophenyl ester, 2,4-dinitrophenyi ester, trichlorophenyl 
ester, pentachlorophenyl ester, mesylphenyl ester, phenylazophenyl ester, phenyl thioester, p-nitrophenyl 
thioester, p-cresyl thioester, carboxymethyl thioester, pyranyl ester, pyridyl ester, piperidyl ester, 8-quinolyl 
thioester, etc.], or an ester with a N-hydroxy compound [e.g. N.N-dimethylhydroxylamine, l-hydroxy-2-(IH)- 
pyridone, N-hydroxysuccinimide, N-hydroxyphthalimide, l-hydroxy-lH-benzotriazole, etc.], and the like. 

so These reactive derivatives can optionally be selected from them according to the kind of the compound [V] 
to be used. 

Suitable salts of the compound [V] and its reactive derivative can be referred to the ones as exemplified 
for the compound [I]. 

The reaction is usually carried out in a conventional solvent such as water, alcohol [e.g. methanol, 
55 ethanol, etc.], acetone, dioxane, acetonitrile, chloroform, methylene chloride, ethylene chloride, 
tetrahydrofuran, ethyl acetate, N,N-dimethylformamide, pyridine or any other organic solvent which does not 
adversely influence the reaction. These conventional solvent may also be used in a mixture with water. 

in this reaction, when the compound [V] is used in a free acid form or its salt form, the reaction is 
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preferably carried out in the presence of a conventional condensing agent such as N,N'-dicycloh- 
exylcarbodiimide; N-cyclohexyl-N'-morphoiinoethy!carbodiimide; N-cyclohexyl-N'-(4- 

diethylaminocyciohexyl)carbodiimide; N,N'-diethylcarbodiimide, N,N'-diisopropylcarbodiimide; N-ethyl-N'-(3- 
dimethylaminopropyl)carbodiimide; N,N'-carbonylbis-(2-methylimidazole); pentamethyieneketene-N-cyclohe- 

5 xylimine; diphenylketene-N-cyclohexyiimine; ethoxy acetylene; l-alkoxy-l-chloroethylene; trialkyl phosphite; 
ethyl polyphosphate; isopropyl polyphoshate; phosphorus oxychloride (phosphoryl chloride); phosphorus 
trichloride; thiony! chloride; oxalyl chloride; lower alkyi haloformate [e.g. ethyl chloroform ate, isopropyi 
chloroformate, etc.]; triphenylphosphine; 2-ethyl-7-hydroxybenzisoxazolium salt; 2-ethyl-5-(m-sulfophenyI)- 
isoxazolium hydroxide intramolecular salt; l-(p-chlorobenzenesulfony!oxy)-6-chloro-IH-benzotriazole; so- 

io called Vilsmeier reagent prepared by the reaction of N,N-dimethylformamide with thionyl chloride, phos- 
gene, trichloromethyl chloroformate, phosphorus oxychloride, etc.; or the like. 

The reaction may also be carried out in the presence of an inorganic or organic base such as an alkali 
metel bicarbonate, tri(Iower)alkylamine, pyridine, di(lower)alkylaminopyridine, N-(lower)alkylmorpholine, N.N- 
di(lower)aikyibenzyIamine, or the like. A liquid base can also be used as a solvent 

is The reaction temperature is not critical, and the reaction is usually carried out under cooling to warming. 

Process 3 

The object compound [Ic] or its salt can be prepared by reacting a compound [IV] or its reactive 
20 derivative at the amino group or its salt with a compound [VI] or its reactive derivative at the sulfo group or 
its salt. 

Suitable salts of the compound [VI] and its reactive derivative can be referred to the salts as 
exemplified for the compound [i]. 

This reaction can be carried out in substantially the same manner as* Process 2, and therefore the 
25 reaction mode and reaction conditions [e.g. base, reactive derivative, condensing agent, solvent, reaction 
temperature, etc.] of this reaction are to be referred to those as explained in Process 2. 



Process 4 



30 The object compound [I] or its salt can be prepared by subjecting a compound [VII] or its salt to 
elimination reaction of the hydroxy-protective group. 

This reaction is carried out in accordance with a conventional method such as hydrolysis, reduction or 
the like. 

Suitable salts of the compound [VII] can be referred to the ones as exemplified for the compound [I]. 
35 The hydrolysis is preferably carried out in the presence of a base, an acid including Lewis acid, or 
halosilane compound. 

Suitable base may include an inorganic base and an organic base such as an alkali metal [e.g. sodium, 
potassium, etc.], an alkaline earth metal [e.g. magnesium, calcium, etc.], the hydroxide or carbonate or 
bicarbonate thereof, trialkylamine [e.g. trimethylamine, triethylamine, etc.], picoline, l,5-diazabicyclo[4.3.0]- 
40 non-5-ene, l^-diazabicyclo^^^octane, l,8-diazabicyclo[5.4.0]undec-7-ene, or the like. 

Suitable acid may include an organic acid [e.g. formic acid, acetic acid, propionic acid, trichloroacetic 
acid, trifluoroacetic acid, etc.] and an inorganic acid [e.g. hydrochloric acid, hydrobromic acid, sulfuric acid, 
hydrogen chloride, hydrogen bromide, etc.]. 

The elimination using Lewis acid such as trihaloacetic acid [e.g. trichloroacetic acid, trifluoroacetic acid, 
45 etc.] or the like is preferably carried out in the presence of cation trapping agents [e.g. anisole, phenol, 
etc.]. 

Suitable halosilane compound may include halotri(lower)a!kylsilane [e.g. iodotrimethylsilane, 
bromotrimethylsiiane, etc.], and the like. 

The reaction is usually carried out in a solvent such as water, an alcohol [e.g. methanol, ethanol, etc.], 
so methylene chloride, chloroform, tetrachloromethane, tetrahydrofuran, a mixture thereof or any other solvent 
which does not adversely influence the reaction. 

A liquid base, acid or halosilane compound can also be used as the solvent. The reaction temperature is not 
critical and the reaction is usually carried out under cooling to heating. 

The reduction method applicable for the elimination reaction may include chemical reduction and 
55 catalytic reduction. 

Suitable reducing agents to be used in chemical reduction are a combination of metal [e.g. tin, zinc, 
iron, etc.] or metallic compound [e.g. chromium chloride, chromium acetate, etc.] and an organic or 
inorganic acid [e.g. formic acid, acetic acid, propionic acid, trifluoroacetic acid, p-toluenesulfonic acid, 
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hydrochloric acid, hydrobromic acid, etc.]- 

Suitable catalysts to be used in catalytic reduction are conventional ones such as platinum catalysts 
[e.g. platinum plate, spongy platinum, platinum black, colloidal platinum, platinum oxide, platinum wire, etc.], 
palladium catalysts [e.g. spongy palladium, palladium black, palladium oxide, palladium on carbon, colloidal 
5 palladium, palladium on barium sulfate, palladium on barium carbonate, etc.], nickel catalysts [e.g. reduced 
nickel, nickel oxide, Raney nickel, etc.], cobalt catalysts [e.g. reduced cobalt, Raney cobalt, etc.], iron 
catalysts [e.g. reduced iron, Raney iron, etc.], copper catalysts [e.g. reduced copper, Raney copper, Ullman 
copper, etc.] and the like. 

The reduction is usually carried out in a conventional solvent which does not adversely influence the 
w reaction such as water, methanol, ethanol, propanol, N,N-dimethyIformamide, or a mixture thereof. Addition- 
ally, in case that the abovementioned acids to be used in chemical reduction are in liquid, they can also be 
used as a solvent. Further, a suitable solvent to be used in catalytic reduction may be the abovementioned 
solvent, and other conventional solvent such as diethyl ether, dioxane, tetrahydrofuran, etc., or a mixture 
thereof. 

15 The reaction temperature of this reduction is not critical and the reaction is usually carried out under 
cooling to heating. 

The starting compound [VII], some of which are new, or its salt can be prepared by processes as 
illustrated in the following reaction schemes. 
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Process A 



R^NCX [III] 



R 1 



or its equiva- 
lent or a salt NH 

O O _ thereof . 0 C=X O 

*l Ii II - R 3 \H I ll>* 

. p-ch-p x , . ;p— c p . 

R 4/ L X R 6 R 1 7 R 

R R^ 

[VIII] [Vila] 
or its salt or its salt 

Process B 



0 

1 11 

R -C-OH [V] 



or xts reactive 



R 1 



5 



derivative at the c=0 

, O NH O , carboxy group Q ^ 

< ii \ !i R or its salt R"^ || j jj/R 

R Z R 

fix] [Vllb] 
or its reactive 



derivative at the 
amino group 
or its salt 



or its salt 
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Process C 



0 NH, 

II I 4 
P-C— 



o 

II 

p' 



R -S0 2 -OH [VI] 

or its reactive 
derivative at the 
sulfo group 
or its salt 



R 
I 

SO, 



, O NH 0 _ 

rIji I II / R 

R 4/ l 2 R 



[IX] 

or its reactive 

derivative 

at the amino group 

or its salt 



[VI Ic] 
or its salt 



Process D 



R 



OA 0 r. 

H 3 ^ II I !i/H° 

P-CH-P 
R ^ R 



Lower 
alkyiation 



R 

i 



,3 O A 0 



P-C-P 

4 / I \ 6 

R 2 

a 



[Vlld] 



or its salt 



[Vile] 
or its salt 



wherein R & is lower alkyl, and 

R 1 , R 2 , R 3 , R 4 f R 5 , H 6 , A and X are each as 
defined above* 



The above-mentioned processes for preparing the starting compounds are explained in detail in the 
following. 

Process A 

The compound [Vila] or its salt can be prepared by reacting a compound [VIII] or its salt with a 
compound [111] or its equivalent or a salt thereof. 

Suitable salts of the compound [VIII] can be referred to the base salts as exemplified for the compound 

[I]- 

This reaction can be carried out in substantially the same manner as Process I, and therefore the 
reaction mode and reaction conditions [e.g. base, solvent, reaction temperature, etc.] of this reaction are to 
be referred to those as explained in Process 1. 



11 



EP 0 243 173 B1 



Process B 

The compound [Vllb] or its salt can be prepared by reacting a compound [IX] or its reactive derivative 
at the amino group or its salt with a compound [V] or its reactive derivative at the carboxy group or its salt. 
5 Suitable salts of the compound [IX] and its reactive derivative can be referred to the ones as 
exemplified for the compound [I]. 

This reaction can be carried out in substantially the same manner as Process 2, and therefore the 
reaction mode and reaction conditions [e.g. reactive derivative, condensing agent, solvent, reaction tempera- 
ture, etc.] of this reaction are to be referred to those as explained in Process 2. 

10 

Process C 

The compound [Vile] or its salt can be prepared by reacting a compound [IX] or its reactive derivative 
at the amino group or its salt with a compound [VI] or its reactive derivative at the sulfo group or its salt. 
75 This reaction can be carried out in substantially the same manner as Process 2, and therefore the 
reaction mode and reaction conditions [e.g. base, reactive derivative, condensing agent, solvent, reaction 
temperature, etc.] of this reaction are to be referred to those as explained in Process 2. 

Process D 



The compound [Vile] or its salt can be prepared by reacting a compound [VI Id] or its salt with a lower 
alkylating agent. 

Suitable salts of the compound [Vlld] can be referred to the ones as exemplified for the compound [I]. 
Suitable salts of the compound [Vile] can be referred to the acid addition salt as exemplified for the 
25 compound [!]. 

Suitable lower alkylating agents may be lower alkyl halide [e.g. methyl iodide, ethyl iodide, propyl 
iodide, butyl iodide, etc.], lower alkyi arenesulfonate [e.g. methyl benzenesulfonate, ethyl tosylate, etc.], di- 
(lower)alkyl sulfate [e.g. dimethyl sulfate, diethyl sulfate, etc.] or the like. 

This reaction can be carried out in the presence of a base as exemplified in Process I. 
30 This reaction is usually carried out in a solvent such as dioxane, tetrahydrofuran, benzene, chloroform, 
methylene chloride, N;N-dimethylformamide or any other organic solvent which does not adversely 
influence the reaction, and in case that the above-mentioned lower alkylating agent is liquid, it can also be 
used as a solvent. 

The reaction temperature is not critical, and the reaction is usually carried out under cooling to heating. 
35 Both reactions of Process A and Process D can be carried out simultaneously, where a compound [III] 
and a lower alkylating agent are added to a compound [VIII] wherein R 2 is hydrogen to give a compound 
[Vile]. This process is also included within the scope of the present invention. 

The compounds obtained by the above processes can be isolated and purified by a conventional 
method such as pulverization, recrystallization, column chromatography, reprecipitation, or the like. 
40 It is to be noted that the compound [l] and the other compounds may include one or more 
stereoisomers due to asymmetric carbon atoms, and all of such isomers and mixture thereof are included 
within the scope of this invention. 

The object compounds [I] and pharmaceuticaliy acceptable salts thereof possess strong inhibitory 
activities on bone resorption, and useful for therapeutical treatment of bone diseases characterized by 
45 abnormal bone metabolism such as osteoporosis, Pagefs bone disease, osteolysis, hypercalcemia of 
malignancy and rheumatoid arthritis. 

For therapeutic purpose, the compounds [I] and pharmaceuticaliy acceptable salts thereof of the 
present invention can be used in a form of pharmaceutical preparation containing one of said compounds, 
as an active ingredient, in admixture with a pharmaceuticaliy acceptable carrier such as an organic or 
so inorganic solid or liquid excipient suitable for oral, parenteral or external administration. The pharmaceutical 
preparations may be capsules, tablets, dragees, granules, solution, suspension, emulsion, or the like. If 
desired, there may be included in these preparations, auxiliary substances, stabilizing agents, wetting or 
emulsifying agents, buffers and other commonly used additives. 

While the dosage of the compounds [I] will vary depending upon the age and condition of the patient, 
55 an average single dose of about O.I mg, I mg, 10 mg, 50 mg, I00 mg, 250 mg, 500 mg and 1000 mg of the 
compound [I] may be effective for treating said bone diseases. In general, amounts between O.l mg/body 
and about 1,000 mg/body may be administered per day. 

In order to illustrate the usefulness of the object compound [I], the pharmacological test data of some 
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representative compounds of the compound [I] are shown in the following. 
Test method : 



Neonatal calvaria were dissected aseptically from i-2 day old rat (Wistar), washed in Dulbecco's 
modified eagle's medium and divided along the sagittal suture. The caivaria halves were pooled and 
randomized in the different groups. The calvaria halves were cultured separately as free-floating bonesjn 
multi-well dishes containing a 2 ml of Dulbecco's modified eagle's medium, with 10% heat-inactivated (56' C 
for I hr) fetal calf serum. Treatment of hPTH(l-34)(lx!0 _8 lvl) and the Test Compound (IxICT 7 or lxlCT s M) was 
begun at zero time. All incubations were performed at 37* C, under an atmosphere of 95% air and 5% C0 2 
for 6 days. Bone resporption was determined by measuring the accumulation of calcium in the medium at 6 
days. The concentration of total calcium in culture medium was measured by OCPC method with a 
spectrophotometer (Hitachi model U-3200, Tokyo, Japan). 

As comparative data, similar tests were conducted using culture medium with hPTH (lxlO~ 8 M) only, and 
culture medium without both hPTH and Test Compound. 

Test results were represented in terms of percentage of inhibition calculated by the following formula : 



CD : the concentration of total calcium in culture medium treated with both hPTH and Test 
Compound 

CO : the concentration of total calcium in control culture medium without both hPTH and Test 
Compound 

CP : the concentration of total calcium in culture medium treated with hPTH only 
Test compounds : 



(a) Tris(tert-butylamine)salt of [N-(phenyl)thiocarbamoylmethylene]bis(phosphonic acid) 

(b) Tris(tert-butylamine)salt of [N-(4-chlorophenyl)carbamoyImethylene]bis(phosphonic acid) 

(c) Tris(tert-butyiamine)salt of [N-(4-chlorophenyl)thiocarbamoylmethylene]bis(phosphonic acid) 

(d) Disodium salt of [N-(2-benzo[b]thienyl)thiocarbamoylmethylene]bis(phosphonic acid) 

(e) Disodium salt of [N-(4-trifluoromethylphenyl)thiocarbamoylmethylene]bis(phosphonic acid) 

(f) Disodium salt of [N-(3-trif!uoromethyiphenyl)thiocarbamoylmethylene]bis(phosphonic acid) 

(g) Disodium salt of [N-(4-chloro-3-trifluoromethylphenyl)thiocarbamoylmethy[ene]bis(phosphonic acid) 

(h) Disodium salt of [N-(4-methoxy-3-trifluoromethylphenyl)thiocarbamoylmethylene]bis(phosphonic acid) 

(i) Bis(tert-butylamine)salt of [(2-benzo[b]thiophenecarboxamido)methylene]bis(phosphonic acid) 
(j) Tris(tert-butylamine)salt of [(2-quinolinecarboxamido)methylene]bis(phosphonic acid) 

(k) Disodium salt of [(4-chlorophenyi)sulfonylaminomethylene]bis(phosphonic acid) 

(I) Disodium salt of [N-(3-mesylaminophenyl)thiocarbamoylmethyiene]bis(phosphonic acid) 



Inhibition (%) = p~ 




D 



x 100 



O 



Test Results 
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Tpst* ConvDOiinds 


Dose f 111 


Inhibition (%) 


(a) 


-7 

1 x 10 ' 


54.3 


-6 

1 x 10 


66.3 


(b) 


, „-7 

1 x 10 


46.6 


-6 

1 x 10 


56.9 


(c) 


1 x 10 ° 


57.0 


(d) 


, -6 
1 x 10 ° 


59.7 


(e) 


-6 

1 x 10 0 


65.9 


(f) 


_ — ~ fi 

1 x 10 


68.9 


(q) 


1 x 10 


112.4 


(h) 


1 x 10 


77. 7 


(i) 


1 x 10~ 7 


45.0 


(j) 


1 x 10~ 7 


46.9 


1 x 10" 6 


53.8 


(k) 


1 x 10" 6 


71.0 


(*) 


1 x 10" 6 


52.4 



30 The following Preparations and Examples are given for the purpose of illustrating the present invention 
in more detail. 

Preparation 1 



35 To a stirred solution of 2-aminobenzo[b]thiophene g) in anhydrous toluene (4.5 mi) was added 
carbon disulfide (0.62 g) and triethylamine (0.755 g) successively. The solution was then stirred at 0-5 °C 
for 3 days under nitrogen gas atmosphere. The precipitate was collected by filtration and was washed with 
anhydrous toluene (10 ml). The obtained white powder was dissolved in chloroform (4.5 ml), treated with 
triethylamine (0.76 g), and cooled to 0° C. To this solution was added dropwise ethyl chloroformate (0.84 g) 

40 over a peripd of 20 minutes. After being stirred at ambient temperature for one hour, the solution was 
washed twice with IN hydrochloric acid (5 ml), and brine, and dried. The solvent was evaporated under 
reduced pressure and the residue was subjected to column chromatography on silica gel, eluted with n- 
hexane to give benzo[b]thiophene-2-isothiocyanate (118 mg) as an oil. 
IR (Neat) : 2080 cm" 1 

45 NMR (CDCI 3 , 5) : 7.06 (IH, s), 7.32-7.4I (2H, m), 7.63-7,73 (2H, m) 

Preparation 2 

To a suspension of sodium hydride (I20 mg, 60% oil dispersion) in distilled tetrahydrofuran (4 ml) "was 
50 added tetraisopropyl methy!enebis(phosphonate)(688 mg) in one portion at ambient temperature. After 
stirring for a few minutes, the mixture was allowed to cool in an ice bath and phenyl isothiocyanate (0.36 ml) 
was added thereto. The reaction mixture was stirred for 3 hours at ambient temperature and methanol (2 
ml) was added to the reaction mixture to quench excess phenyl isothiocyanate. The mixture was 
concentrated under reduced pressure. The residue was dissolved in a mixture of diethyl ether and IN 
55 hydrochloric acid. The separated organic layer was washed with water and dried over magnesium sulfate. 
The solvent was removed and the residue was subjected to column chromatography on silica gel using a 
mixture of chloroform and methanol (30:l VA/) as an eluent to give tetraisopropyl [N-(phenyl)- 
thiocarbamoylmethylene]bis(phosphonate) (0.75 g) as a crystal. 
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mp : 64-66° C 

IR (Nujo!) : 3300, I600, I500, 1400, 1250, I000 cm H 

NMR (CDCI 3 , 5) : I.2-I.6 (24H, m), 4.3I (IH, t, J = 23.5Hz), 4.65-5.0 (4H, m), 7.2-7.45 (3H, m), 775-7.85 (2H, 
m), 10.24 (IH, br s) 

The following compounds (Preparations 3 to 27) were obtained according to a similar manner to that of 
Preparation 2. 

Preparation 3 

Tetraisopropyl [N-(4-fiuorophenyi)carbamoylmethylene]bis(phosphonate) 
mp : 173-174° C 

IR (Nujol) : 3450, 3350, 1665 cm" 1 

NMR (CDCI3, 5) : 1.26-I.50 (24H, m), 3.62 (IH, t, J = 20Hz), 4.69-4.97 (4H, m), 7.00 (2H, t, J = 8Hz), 7.48 (2H, 
dd, J = 8 and 5Hz), 7.56 (IH, s) 

Preparation 4 

Tetraisoprop~yl [N-(p-tolyl)carbamoylmethylene]bis(phosphonate) 

mp : 96-98° C 

IR (Nujol) : 3300, I660 cm" 1 

NMR (CDCI3, 5) : I.20-I.52 (24H, m), 2.32 (3H, s), 3.53 (IH, t, J = 20Hz), 4.70-4.92 (4H, m), 7.12 {2H, d, 
J = 8Hz), 7.42 (2H, d, J = 8Hz), 8.69 (IH, s) 

Preparation 5 

Tetraisopropyl [N-(4-methoxyphenyl)carbamoylmethylene]bis(phosphonate) 

mp : 99-100° C 

IR (Nujol) : 3300, 1660 cm" 1 

NMR (CDCI3, 5) : .31-L4I (24H, m), 3.53 (IH, t, J = 23Hz), 3.79 (3H, s), 4.7I-4.92 (4H, m), 6.86 (2H, d, J = 9Hz), 
7.44 (2H, d, J = 9Hz), 8.65 (IH, s) 

Preparation 6 

Tetraisopropyl [N-(4-chlorophenyl)thiocarbamoylmethylene]bis(phosphonate) 

NMR (CDCIs, 5) : 1.2I-L46 (24H, m), 4.30 (IH, t, J = 22Hz), 4.78 (4H, m), 7.35 and 7.78 (4H, ABq, J = 8.8Hz), 
10.25 (IH, br s) 

Preparation 7 

Tetraisopropyl [N-(l-naphthyl)thiocarbamoylmethylene]bis(phosphonate) 
IR (Neat) : 3500, 3320, 2975, 2925, I590, I380, I250, I000 cm" 1 

NMR (CDCI3, 5) : i.37-1.47 (24H, m), 4.5I (IH, t, J = 24Hz), 4.90 (4H, m), 7.48-8.34 (7H, m), 10.30 (IH, br s) 
Preparation 8 

Tetraisopropyl [N-(3-trifluoromethylphenyl)thiocarbamoylmethylene]bis(phosphonate) 
mp: 49-51° C 

IR (CH2CI2 : 2980, 2930, 1450, 1385, 1335, 1130, 990 cm" 1 

NMR (CDCI3, 5) : 1.25-I.57 (24H, m), 4.34 (IH, t, J = 23Hz), 4.70-5.00 (4H, m), 7.50-7.60 (2H, m), 8.04 (IH, m), 
8.16 (IH, s), I0.4 (IH, s) 

Preparation 9 

Tetraisopropyl [N-(4-trifluoromethyIphenyI)thiocarbamoyImethylene]bis(phosphonate) 
mp : 98-100° C 

IR (Nujol) : 3250, 3200, 1610, 1320, 1250, 1120 cm" 1 

NMR (CDCI3, 5) : I.3H.44 (24H, m), 4.32 (IH, t, J = 23Hz), 4.8I (4H, m), 7.66 and 8.00 (4H, ABq, J=8.5Hz), 
I0.43 (IH, s) 

Preparation 10 

TetraisopropVl [N-(3-chlorophenyl)thiocarbamoylmethylene]bis(phosphonate) mp : 61-62° C 
IR (Neat) : 3450, 3300, 1595, 1550, 1480, 1380, 1260, 1100, 1000 cm" 1 

NMR (CDCI3, 5) : I.2I-L44 (24H, m), 4.30 (IH, t, J = 23Hz), 4.69-4.9I (4H, m), 7.20-7.37 (2H, m), 7.65 (IH, br d, 
J = 8Hz), 8.00 (IH, br s), 10.27 (IH, s) 
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Preparation II 

Tetraisopropyl [N-(2-chlorophenyl)thiocarbamoylmethylene]bis(phosphonate) 
IR (Neat) : 3500, 3300, 1380, I260, 990 cm- 1 

NMR (CDCb, 5) : I.28-I.43 (24H, m), 4.26 (IH, t, J=20Hz), 4.76-4.95 (4H, m), 7.I7-7.36 (2H, m), 7.76 (IH, dd, 
5 J = 8 and 2Hz), 8.45 (IH, dd, J = 8 and 2Hz), 10.20 (IH, s) 

Preparation 12 

Tetraisoprop~yl [N-(4-fluorophenyl)thiocarbamoylmethylene]bis(phosphonate) 
IR (Neat) : 3480, 3300, I5I0, 1000 cm" 1 
w NMR (CDCI 3 , 5) : I.26-1.53 (24H, m), 4.32 (IH, t, J-24Hz), 4.70-4.94 (4H, m), 7.04-7.I3 (2H, m), 7.7I-7.78 (2H, 
m), I0.19 (IH, s) 

Preparation 13 

TetraisopropVl [N-(p-tolyl)thiocarbamoylmethylene]bis(phosphonate) 
15 IR (Neat) : 3500, 3300, 1535, I385, I260, I000 cm" 1 

MR (CDCI3, 5) : .2I-I.43 (24H, m), 2.35 (3H, s), 4.3I (IH, t, J = 20Hz), 4.70-4.94 (4H, m), 7.20 (2H, d, J=8Hz), 
7.65 (2H, d, J = 8Hz), I0.I6 (IH, s) 

Preparation 14 

20 Tetraisoprop~yI [N-(2-rriethoxyphenyl)thiocarbamoylmethylene]bis(phosphonate) 

NMR (CDCI3, 5) : I8-I.50 (24H, m), 3.92 (3H, m), 4.37 (IH, t, J = 24Hz), 4.73-4.93 (4H, m), 6.94-7.03 (2H, m), 
7.I6 (IH, td, J = 8 and 2Hz), 8.96 (IH, d, J = 8Hz), I0.45 (IH, s) 

Preparation I5 

25 Tetraisopropyl [N-(3,4-dichlorophenyl)thiocarbamoylmethylene]bis(phosphonate) 
mp : 90-92° C 

IR (Nujol) : 3300, 3200, I260, 990 cm" 1 

NMR (CDCI3, 5) : 1.32-1.71 (24H, m), 4.29 (IH, t, J=23Hz), 4.67-4.94 (4H, m), 7.45 (IH, d, J = 9Hz), 7.65 (IH, 
dd, J = 9 and 2Hz), 8.14 (IH, d, J = 2Hz), 10.30 (IH, s) 

30 

Preparation 16 

Tetraisoprop~yl [N-(2-benzo[b]thienyl)thiocarbamoylmethylene]bis(phosphonate) 
IR (Neat) : 3500, 3210, 1600, 1580, 1380, 1260, 1100, 1000 cm" 1 

NMR (CDCI 3 , 5) : I.23-I.44 (24H, m), 4.31 (IH, t, J = 22Hz), 4.66-4.94 (4H, m), 7.26-7.40 (3H, m), 7.66-7.80 
35 (2H, m), ll.Il (IH, s) 

Preparation 17 

Tetraisopropyl [N-(2-trifluoromethylphenyi)thiocarbamoylmethylene]bis(phosphonate) 
IR (Neat) : 3330, 2980, 1530, 1460, 1380, 1320, 1260, 1170, 1140, 1100 cm" 1 
40 NMR (CDCl 3) 5) : I.20-I.50 (24H, m), 4.48 (IH, t, J = 23Hz), 4.70-5.00 (4H, m), 7.4I (IH, t, J = 8Hz), 7.60 (IH, t, 
J = 8Hz), 7.72 (IH, d, J=8Hz), 7.87 (IH, d, J = 8Hz), 9.91 (IH, s) 

Preparation 18 

Tetraisoprop"yl [N-(4-chloro-3-trifluoromethyIphenyl)thiocarbamoylmethylene]bis(phosph 
45 mp : 101-102° C 

IR (Nujol) : 3150, 3100, 1390, 1320, 1210, 1000 cm" 1 

NMR (CDCI 3) 5) : 1.25-1.46 (24H, m), 4.33 (IH, t, J = 22Hz), 4.74-4.97 (4H, m), 7.54 (IH, d, J=8Hz), 8.05 (IH, 
dd, J = 8 and 3Hz), 8.22 (IH, d, J=3Hz), 10.41 (IH, s) 

50 Preparation 19 

Tetraisoprop~yl [N-(4-methoxy-3-trifluoromethylphenyl)thiocarbamoylmethylene]bis(phosphonate) 
IR (Neat) : 3450, 3250, 1500, 1260, 1140 cm" 1 

NMR (CDCI3, 5) : I.34-I.44 (24H, m), 3.92 (3H, s), 4.32 (IH, t, J = 23Hz), 4.70-4.94 (4H, m), 7.02 (IH, d, 
J = 8Hz), 7.93 (IH, br s), 7.95 (IH, dd, J = 8 and 2Hz) 

55 

Preparation 20 

Tetraisoprop7r[N-(4-trifluoromethyiphenyl)carbamoylmethylene]bis(phosphonate) 
mp : I36-I37°C 



16 



EP0 243 173 Bl 



IR (Nujol) : 3250, 3200, I670, I600, I540, I320, I250, II20, 950 cm" 1 

NMR (CDCIs, 5) : 1.30-I.42 (24H, m), 3.58 (IH, t, J=22Hz), 4.73-4.9I (4H, m), 7.57 and 7.66 (each 2H, d, 
J = 7Hz), 9.05 (IH, s) 

Preparation 21 

Tetraisopropyl (N-methylcarbamoylmethylene)bis(phosphonate) 
mp : 96-100° C 

IR (Nujol) : 3270, 1640, 1255, 980 cm~ 1 

NMR (CDCIs, 5) : I.2-I.5 (24H, m), 2.85 (3H, d, J=4Hz), 3.48 (IH, t, J=23Hz), 4.65-4.95 (4H, m), 6.86 (IH, br) 
Preparation 22 

Tetraisoprop7T[N-(n-butyl)thiocarbamoylmethylene]bis(phosphonate) 
IR (neat) : 3500, 3350, I545, I385, I260 cm" 1 

NMR (D 2 0, 5) : 0.95 (3H, t, J = 7Hz), I.2I-I.54 (26H, m), I.59-I.74 (2H, m), 3.64 (2H, dt, J = 7Hz), 4.23 (IH, t, 
J = 23Hz), 4.65-4.89 (4H, m), 8.56 (IH, br m) 

Preparation 23 
Tetraisopr^^^ 

IR (Nujol) : I480, I450, I090, 920, 8I0 cm" 1 

NMR (CDCI 3] 5) : I.I5-I.5 (24H, m), 2.47 (IH, s), 4.27 (IH, t, J = 2iHz), 4.5-4.95 (4H, m), 7.26 (2H, d, J = 8.6Hz), 
7.76 (2H, d, J = 8.6Hz), I0.2 (IH, s) 

Preparation 24 
TetreHioj^^ 
mp : I4H43°C 

IR (Nujol) : 3300, 3I00, I6I0, I5I0, I420, I380, I335, I250, II50, I000 cm" 1 

NMR (CDCI3, 5) : I.33-I.67 (24H, m), 3.02 (3H, s), 4.30 (IH, t, J = 23Hz), 4.70-4.92 (4H, m), 7.29 and 7.50 
(each 2H, d, J = 9Hz), 7.45 (IH, s), 10.23 (IH, s) 

Preparation 25 

TetraisopropyT[N-(3-mesylaminophenyl)thiocarbamoyImethyiene]bis(phosphonate) 
mp : |44-I45*C 

IR (Neat) : 3450, 3I50, 1600, I380, I240, II50 cm" 1 

NMR (CDCl 3j 5) : I.34-L48 (24H, m), 3.06 (3H, s), 4.3I (IH, t, J = 22Hz), 4.73-4.9I (4H, m), 6.84 (IH, br s), 7.I2 
(IH, br d, J = 6Hz), 7.32-7.39 (2H, m), 7.98 (IH, br s), 10.29 (IH, br s) 

Preparation 26 

Tetraisoprop"yr[N-(4-acetylaminophenyl)thiocarbamoylmethyIene]bis(phosphonate) 
IR (Neat) : 3500, 3300, I690, I5I5, I385, I260, II00 cm" 1 

NMR (CDCI 3) 5) : LI3-L65 (24H, m), 2.2I (3H, s), 4.34 (IH, t, J = 22Hz), 4.58-4.98 (4H, m), 7.55 and 7.76 (2H, 
d, J = 7Hz), 10.20 (IH, s) 

Preparation 27 

Tetraisoprop"yr[N-(3-acetylaminophenyl)thiocarbamoylmethylene]bis(phosphonate) 
IR (Neat) : 3450, 3300, I690, I6I0, I550, I260, IIIO cm' 1 

NMR (CDCIs, 5) : LI0-I.62 (24H, m), 2.I7 (3H, s), 4.30 (IH, t, J = 22Hz), 4.55-5.00 (4H, m), 7.30-7.62 (3H, m), 
8.I5 (IH, s) 

Preparation 28 

A mixture of tetraisopropyl methyienebis(phosphonate) (668 mg) and potassium tert-butoxide (224 mg) 
in anhydrous toluene (5 ml) was refluxed for I hour. After cooling to ambient temperature, 3-(2-pyridyl)-3,4- 
dihydro-2H-pyrido[l,2-a]-l,3,5-triazin-2,4-dione (2.0 g) and anhydrous tetrahydrofuran (25 ml) were added to 
the solution, and the mixture was stirred at 60° C for 30 minutes. The reaction mixture was cooled in an ice- 
water bath and then quenched with IN hydrochloric acid. The organic layer was separated and the aqueous 
| ayer was extracted with ethyi acetate. The combined organic layer was washed with brine, dried, and 
evaporated in vacuo. The residue was subjected to column chromatography on silica gel eluted with 
methanol-methylene chioride-diethyl ether (I:I0:30 V/V) to give tetraisopropyl [N-(2-pyridyl)- 
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carbamoylmethylene]bis(phosphonate)(L42 g) as an oil. 
IR (Neat) : 3360, 3250, I690 cm" 1 

NMR (CDCI3, 5) : I.20-I.58 (24H, m), 2.30 (IH, br s), 3.60 <IH, t, J = 20Hz), 4.67-5.05 (4H, m), 7.06 (IH, dd, 
J = 7 and 5Hz), 7.60-7.77 (IH, m), 8.12 (IH, d, J = 7Hz), 8.30 (IH, br d, J = 5Hz), 9.1I (IH, br s) 

Preparation 29 

To a solution of 2-benzo[b]thiophenecarbonyl chloride prepared from 2-benzo[b]thiophenecarboxyiic 
acid (356 mg) and oxalyl chloride (0.35 ml) in methylene chloride (2 ml) was added dropwise a mixture of 
tetraethyl (aminomethylene)bis(phosphonate) (606 mg), pyridine (316 mg) and trace amounts of 4- 
(dimethyiamino)pyridine in methylene chloride (8 ml) at 5° C. The mixture was stirred for 2 hours at ambient 
temperature followed by the addition of ethyl acetate. The mixture was washed with water, IN hydrochloric 
acid, saturated aqueous solution of sodium bicarbonate and brine successively. The organic layer was dried 
over magnesium sulfate and concentrated under reduced pressure. The residue was treated with 
diisopropyl ether to give tetraethyl [(2-benzo[b]thiophenecarboxamido)methyiene]bis(phosphonate) (790 mg) 
as a white powder which was recrystallized from a mixture of ethyl acetate and n-hexane. 
mp : 120-I2f C 

IR (Nujol) : 3210, 1640, 1630 cm" 1 

NMR (CDCI3, 5) : L30-I.42 (12H, m), 4.09-4.4I (8H, m), 5.22 (IH, td, J = 20 and 9Hz), 6.63 (IH, d, J = 9Hz), 
7.38-7.50 (2H, m), 7.85 (IH, s), 7.85-7.92 (2H, m) 

The following compounds (Preparations 30 to 33) were obtained according to a similar manner to that of 
Preparation 29. 

Preparation 30 

Tetraethyl [(2 : quinolinecarboxamido)methylene]bis(phosphonate) 
mp : 58-59° C 

IR (Nujol) : 3500, 3400, I680 cm" 1 

NMR (CDCI 3 , 5) : I.10-I.55 (I2H, m), I.04-4.45 (8H, m), 5.24 (IH, td, J =20 and 9Hz), 7.65 (IH, t, J=7Hz), 7.32 
(IH, t, J = 7Hz), 7.90 (IH, d, J = 7Hz), 8.I7 (IH, d, J = 7Hz), 8.29 (2H, q, J = I0 and 8Hz), 8.25 (IH, d, J = 9Hz) 

Preparation 31 

Tetraethyl (benzoylaminomethylene)bis(phosphonate) 
IR (CHCI3) : 3430, 1665, 1600, 1580, 1480, 1390, 1368 cm" 1 

NMR (CDCI3, 5) : I.3I (6H, t, J = 7Hz), L35 (6H, t, J = 7Hz), 4.05-4.35 (8H, m), 5.26 (IH, dt, J = I0, 22Hz), 6.77 
(IH, d, J = l0Hz), 7.40-7.60 (3H, m), 7.8I (2H, d, J = 8Hz) 

Preparation 32 

Tetraethyl [(4 : chlorobenzoylamino)methylene]bis(phosphonate) 

NMR (CDCIa, 5) : l.3l (6H, t, J=7Hz), I.35 (6H, t, J=7Hz), 4.22 (4H, q, J=7Hz), 4.23 (4H, q, J=7Hz), 5.24 
(IH, dt, J = !0, 22Hz), 4.23 (4H, q, J = 7Hz), 5.24 (IH, dt, J = 10, 22Hz), 6.82 (IH, d, J = 10Hz), 7.44 (2H, d, 
J = 8Hz), 7.74 (2H, d, J = 8Hz) 

Preparation 33 

Tetraethyl [(2^pyridinecarboxamido)methylene]bis(phosphonate) 
IR (Neat) : 3500, 3400, 1685 cm" 1 

NMR (CDCI3, 5) : I.28-I.37 (I2H, m), 4.I5-4.32 (8H, m), 5.I8 (IH, td, J = 20 and 10Hz), 7.27-7.5I (IH, m), 7.82- 
7.9! (IH, td, J = 8 and 2Hz), 8.17 (IH, d, J = 8Hz), 8.54 (IH, d, J = 10Hz), 8.58-8.62 (IH, m) 

Preparation 34 

To a solution of 2-[I-(tert-butoxycarbonyI)imidazol-4-yl]acetic acid (45 mg) and tetraethyl 
(aminomethyiene)bis(phosphonate) (9I mg) in N,N-dimethylformamide (I ml) was added N-ethyl-N'-(3- 
dimethyiaminopropyl)carbodiimide hydrochloride (42 mg) with stirring on ice-sodium chloride bath under 
nitrogen atmosphere. After stirring for 36 hours at 5° C, the mixture was diluted with chloroform (10 ml) and 
washed with cold IN aqueous solution of citric acid (10 ml). The aqueous layer was extracted with chloroform 
(10 ml) twice and the combined organic layers were dried over sodium sulfate and evaporated in vacuo. The 
residue was dissolved in ethyl acetate (10 ml) and the solution was washed with water (10 ml), dried over 
sodium sulfate and evaporated in vacuo to give a colorless syrup of tetraethyl [[2-{l-(tert-butoxycarbonyl)- 
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imidazol-4-yl}acetamido]methylene]bis(phosphonate) (67 mg). 

NMR (CDCI3, 5) : I.32 (6H, t, J = 6Hz), i.33 (6H, t, J = 6Hz), I.62 (9H, s), 3.60 (2H, s), 4.I-4.3 (8H, m), 5.06 (IH, 
dt, J = 12Hz, 24Hz), 7.28 (IH, s), 7.59 (IH, d, J = 12Hz), 8.07 (IH, s) 

Preparation 35 

To a solution of tetraethyl (aminomethylene)bis(phosphonate) (66I mg) in pyridine (2 ml) were added 
benzenesulfonyl chloride (0.35 ml) and then 4-(dimethylamino)pyridine (50 mg) at ambient temperature with 
stirring. After stirring for 4 hours at the same temperature, the reaction mixture was diluted with ethyl 
acetate (20 ml). The mixture was washed with IN hydrochloric acid four times, water and saturated aqueous 
hydrogen bicarbonate solution successively. The organic layer was dried over magnesium sulfate and 
evaporated under reduced pressure. The residue was subjected to column chromatography on silica gel (20 
g) eluted with a mixture of chloroform and methanol (20:i V/V) to give tetraethyl 
(phenylsulfonyiaminomethylene)bis(phosphonate) as a yellow syrup (364 mg). 
IR (CHCIs) : 3390, 3000, I343, I256, H65 cm H 

NMR (CDCI 3 , 5) : I.25 (6H, t, J=7Hz), I.28 (6H, t, J = 7Hz), 3.90-4.20 <8H, m), 4.23 (IH, t, J = 22Hz), 5.68 (IH, 
br s), 7.45-7.60 (3H, m), 7.9I (2H, dd, J =2, 8Hz) 

The following compounds (Preparations 36 to 40) were obtained according to a similar manner to that of 
Preparation 35. 

Preparation 36 

Tetraethyl (tosylaminomethylene)bis(phosphonate) 

NMR (CDCI3, 5) : I.2-I.45 (I2H, m), 2.42 (3H, s), 3.9-4.4 (9H, m), 7.3 and 7.75 (4H, ABq, J = 8.4Hz) 
Preparation 37 

Tetraethyl [(4 r chlorophenyl)sulfonylaminomethylene]bis(phosphonate) 
mp : 130-131° C 

NMR (CDCls, a) : 1.27 (6H, t, J = 6Hz), 1.30 (6H, t, J = 6Hz), 3.90-4.30 (8H, m), 5.32 (IH, br s), 7.48 (2H, d, 
J = 8Hz), 7.84 (2H, d, J = 8Hz) 

Preparation 38 

Tetraethyl [(3^4-dichlorophenyl)sulfonylaminomethyIene]bis(phosphonate) 
mp : 104-106 °C 

IR (Nujol) : 3600, 3400, 3000, 1630, 1200, 1160, 1070 cm" 1 

NMR (CDCI 3 , 5) : I.20-L40 (I2H, m), 4.00-4.40 (9H, m), 7.58 (IH, d, J = 8.5Hz), 7.74 (IH, dd, J = 9.0 and 2Hz), 
7.99 (IH, d, J = 2Hz) 

Preparation 39 

Tetraethyl [(^hienyOsulfonylaminomethylenelbisfphosphonate) 
IR (Neat) : 3070, 2960, I255, II55, I020 cm H 

NMR (CDCI3, 5) : 1.2-I.5 (I2H, m), 2.3 (IH, br), 4.0-4.35 (9H, m), 7.09 (IH, dd, J = 4Hz and 5Hz), 7.60 (IH, dd, 
J = IHz and 5Hz), 7.66 (IH, dd, J = IHz and 4Hz) 

Preparation 40 

Tetraethyl [(^quinoiyl)sulfonylaminomethylene]bis(phosphonate) 

NMR (CDCls, 5) : I.IO (6H, t, J = 7Hz), I.I9 (BH, t, J = 7Hz), 3.80-4.20 (8H, m), 4,40 (IH, t, J = 22Hz), 7,57 (IH, 
dd, J = 8,4Hz), 7.65 (IH, t, J = 8Hz), 8.06 (IH, d, J = 8Hz), 8.29 (IH, dd, J =8, 2Hz). 8.33 (IH, d, J = 8Hz), 9.07 
(IH, dd, J = 4, 2Hz) 

Preparation 41 

To a suspension of sodium hydride (44 mg, 63.9% oil dispersion) in distilled tetrahydrofuran (2.0 ml) 
was added tetraiso propyl methylenebis(phosphonate) (344 mg) in one portion at 5°C. The mixture was 
stirred for 30 minutes at ambient temperature and then cooled in an ice bath, followed by addition of 4- 
chlorophenyl isocyanate (I54 mg). The mixture was stirred for 30 minutes at 5°C and for one hour at 
ambient temperature to give a solution including sodium salt of tetraisopropyl [N-(4-chlorophenyl)- 
carbamoylmethylene]bis(phosphonate). Methyl iodide (426 mg) was added thereto at ambient temperature. 
The solution was stirred for 5 hours at the same temperature and quenched with aqueous solution of 



19 



EP 0 243 173 B1 



ammonium chloride. The separated oil was extracted with ethyl acetate. The extract was washed with brine, 
dried, and evaporated under reduced pressure. The residue was subjected to column chromatography on 
silica gel using a mixture of n-hexane and ethyl acetate (l:l V/V) as an eluent to give tetraisopropyl I-[N-(4- 
chlorophenyl)carbamoyl]ethane-l,l-bis(phosphonate) (399 mg) as a colorless oil. 
IR (Nujol) : 3350, I695 cm-l 

NMR (CDCI 3 , 5) : L20-I.55 (24H, m), I.70 (3H, t, J = l4Hz), 4.68-4.92 (4H, m), 7.28 (2H, d, J=8Hz), 7.52 (2H, 
d, J = 8Hz), 9.29 (IH, s) 

The following compounds (Examples I to 31) were obtained according to a similar manner to that of 
Preparation 2. 

Example I 

Tris(tert-butylamine) salt of [N-(phenyl)thiocarbamoylmethyIene]bis(phosphonic acid) 
mp : 140° C 

NMR (D 2 0, 8) : 1.35 (27H, br s), 4.05 (IH, t, J = 20Hz), 7.3-7.75 (5H, m) 
Example 2 

Tris(tert-butyiamine) salt of [N-(4-chlorophenyl)carbamoyimethylene]bis(phosphonic acid) 
mp : 206-210 °C 

IR (Nujol) : 3700-2000, 1660, 1540, 1150, 1090, 825 cm" 1 

NMR (D 2 0, 5) : I.4 (27H, br s), 3.23 (IH, t, J = 20Hz), 7.40 and 7.50 (4H, ABq, J = 9Hz) 
Example 3 

Tris(tert-butylamine) salt of [N-(phenyl)carbamoylmethylene]bis(phosphonic acid) 
mp : 207-209 °C 

IR (Nujol) : 3700-2000, 1650, I600, II50, II30, I065, 960 cm" 1 

NMR (D 2 0, 5) : 1.40 (27H, br s), 3.25 (IH, t, J = 20Hz), 7.15-7.6 (5H, m) 

Example 4 

Tris(tert-butyiamine) salt of [N-(4-fIuorophenyl)carbamoylmethyIene]bis(phosphonic acid) 
mp : 209-211* C 

IR (Nujol) : 3700-2000 (br), 1650 cm" 1 

NMR (D 2 0, 5) : I.36 (27H, s), 3.23 (IH, t, J = 20Hz), 7.I4 (2H, t, J = 8Hz), 7.50 (2H, dd, J =8 and 5Hz) 
Example 5 

Tris(tert-butylamine) salt of [N-(3,4-dichlorophenyl)carbamoylmethylene]bis(phosphonic acid) 
mp : 216-220° C 

IR (Nujol) : 3600-2100 (br), 1660 cm" 1 

NMR (DzO, 5) : I.35 (27H, s), 3.30 (IH, t, J = 20Hz), 7.38 (IH, dd, J = 9 and 2Hz), 7.50 (IH, d, J = 9Hz), 7.8I (IH, 
d, J = 2Hz) 

Example 6 

Tris(tert-butylamine) salt of [N-(p-tolyl)carbamoylmethyIene]bis(phosphonic acid) 
mp : 221-230° C 

IR (Nujol) : 3700-2000 (br), 1655 cm" 1 

NMR (D 2 0, 5) : I.36 (27H, s), 2.32 (3H, s), 3.27 (IH, t, J = 20Hz), 7.25 (2H, d, J = 8Hz), 7.40 (2H, d, J=8Hz) 
Example 7 

Tris(tert-butylamine) salt of [N-(4-methoxyphenyl)carbamoylmethylene]bis(phosphonic acid) 
mp : 214-220° C 

IR (Nujol) : 3700-2300 (br), 1650 cm" 1 

NMR (D 2 0, 5) : I.37 (27H, s), 3.27 (IH, t, J = 20Hz), 3.85 (3H, s), 7.02 (2H, d, J = 8Hz), 7.45 (2H, d, J = 8Hz) 
Example 8 

Tris(tert-butylamine) salt of l-[N-(4-chlorophenyl)carbamoyl]ethane-l,l-bis(phosphonic acid) 
mp : 237-239 °C 

IR (Nujol) : 3700-2000 (br), I650 cm" 1 

NMR (D 2 0, 5) : 1.36 (27H, s), I.56 (3H, t, J = l4Hz), 7.38 (2H, d, J = 8Hz), 7.50 (2H, d, J = 8Hz) 
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Example 9 

Tris(tert-butylamine) salt of [N-(4-chlorophenyi)thiocarbamoylmethylene]bis(phosphonic acid) 
mp : 206-208 ° C 

NMR (D 2 0, 5) : I.34 (27H, m), 4.08 (IH, t, J = 22Hz), 7.47 and 7.60 (4H, ABq, J=8Hz) 

5 

Example 10 

Bis(tert-butylamine) salt of [N-(I-naphthyl)thiocarbamoylmethylene]bis(phosphonic acid) 
mp : 160° C (dec.) 

NMR (D 2 0, 5) : 1.35 (I8H, s), 4.24 (IH, t, J=22Hz), 7.60-8.23 (7H, m) 

10 

Example II 

DisodiurrTsalt of [N-(3-trifluoromethyIphenyl)thiocarbamoylmethylene]bis(phosphonic acid) 
mp : 218° C (dec.) 

IR (Nujol) : 3300, 1600, 1410, 1170, 1130, 1070, 890 cm" 1 
75 NMR (D 2 0, 5) : 4.2I (IH, t. J = 20Hz), 7.60-7.77 (2H, m), 7.82 (IH, m), 8.I0 (IH, s) 

Example 12 

Disodium~saIt of [N-(4-trifiuoromethylphenyl)thiocarbamoylmethylene]bis(phosphonic acid) 
mp : 218° C (dec.) 
20 IR (Nujol) : 3260, 1610, 1425, 1400, 1335, 1170, 1065 cm" 1 

NMR (D 2 0, 5) : 4.II (IH, t, J = 20.7Hz), 7.80 and 7.88 (4H, ABq, J = 8.8Hz) 

Example 13 

Disodium~saIt of [N-(3-chlorophenyl)thiocarbamoyimethylene]bis(phosphonic acid) 
25 mp : 224* C (dec.) 

IR (Nujol) : 3300, 3200, 2350, I595, 1400, 1255, 1200, 1170, 1090 cm" 1 
NMR (D 2 0, 5) : 4.I2 (IH, t, J = 20Hz), 7.3I-7.56 (3H, m), 7.88 (IH, s) 

Example 14 

30 Disodium~salt of [N-(2-chlorophenyl)thiocarbamoylmethyIene]bis(phosphonic acid) 
mp : 255-257° C (dec.) 

IR (Nujol) : 3700-2400 (br), I590, II50, II20 cm" 1 
Example 15 

35 Disodium~salt of [N-(4-fluorophenyl)thiocarbamoy!methylene]bis(phosphonic acid) 
mp : 247-249° C (dec.) 
IR (Nujol) : 3700-2300 (br), I220, I090 cm" 1 

NMR (D 2 0, 5) : 4.10 (IH, t, J = 2IHz), 7.21 (2H, t, J = 9Hz), 7.58 (2H, dd, J = 9 and 5Hz) 
40 Example 16 

Disodiunrfialt of [N-(p-tolyl)thiocarbamoylmethylene]bis(phosphonic acid) 

mp : 255-258 'C (dec.) 

IR (Nujol) : 3700-2300 (br.), I520, II50 cm" 1 

NMR (D 2 0, 5) : 2.37 (3H, s), 4.04 (IH, t, J = 20Hz), 7.32 and 7.52 (2H, dd, J = 8Hz) 

45 

Example 17 

Disodium~ialt of [N-(2-methoxyphenyl)thiocarbamoylmethylene]bis(phosphonic acid) 
mp : 227 °C (dec.) 

IR (Nujol) : 3605, 3350, I600, I540, I400, I240, II60, I050 cm" 1 
50 NMR (D 2 0, 5) : 3.90 (3H, s), 4.09 (IH, t, J = 20Hz), 7.03-7.I9 (2H, m), 7.37 (IH, t, J = 8Hz), 8.I4 (IH, d, J = 8Hz) 

Example 18 

Disodium~ialt of [N-(3,4-dichlorophenyl)thiocarbamoylmethylene]bis(phosphonic acid) 
mp : 248-250 °C (dec.) 
55 IR (Nujol) : 3700-2300 (br), II90, I090 cm" 1 

NMR (D 2 0, 5) : 4.03 (IH, t, J = 20Hz), 7.53-7.64 (2H, m), 8.03 (IH, s) 

Example 19 
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Disodium salt of [N-(2-pyridyl)carbamoylmethylene]bis(phosphonic acid) 
mp :>300°C 

IR (Nujol) : 3700-2I00 (br), I675 cm -1 

NMR (D 2 0, 5) : 3.47 (IH, t, J = 20Hz), 7.27 (IH, t, J = 6Hz), 7.83 (IH, d, J = 8Hz), 7.95 (IH, t, J=8Hz), 8.29 (IH, 
5 d, J=6Hz) 

Example 20 

Disodium~sait of [N-(2-benzo[b]thienyi)thiocarbamoylmethylene]bis(phosphonic acid) 
mp :>280°C 

w IR (Nujol) : 3700-2300 (br), 1460, 1410, 1230, 1160 cm" 1 

NMR (D 2 0, 5) : 4.02 (IH, t, J = 20Hz), 7.35-7.47 (2H, m), 7.45 (IH, s), 7.85 (IH, d, J = IIHz), 7.97 (IH, d, 
J = I5Hz) 

Example 21 

is Disodium~ialt of [N-(2-trifluoromethylphenyl)thiocarbamoylmethylene]bis(phosphonic acid) 
mp : 212° C (dec.) 

IR (Nujol) : 3250, 2400, 1530, 1410, 1320, 1150, 1060 cm" 1 

NMR (D 2 0, 5) : 4.I6 (IH, t, J = 2IHz), 7.52-7.60 (IH, m), 7.65-7.76 (2H, m), 7.83 (IH, d, J = 8Hz) 
20 Example 22 

Disodium~ialt of [N-(4-chloro-3-trifluoromethylphenyl)thiocarbamoylmethylene]bis(phosphonic acid) 
mp : 245 °C (dec.) 

IR (Nujol) : 3350, 3200, 1620, I560, 1485, I4I5, I320 cm" 1 

NMR (D 2 0, 5) : 4.00 (IH, t, J = 20Hz), 7.68 (IH, d, J=9Hz), 7.88 (IH, d, J = 9Hz), 8.29 (IH, s) 

25 

Example 23 

Disodiurrfsalt of [N-(4-methoxy-3-trifIuoromethylphenyl)thiocarbamoylmethyIene]bis(phosphonic acid) 
mp : 249-252° C (dec.) 

IR (Nujol) : 3250, 2350, 1505, 1325, 1280, 1130 cm" 1 
30 NMR (D 2 0, 5) : 4.05 (IH, t, J = 20Hz), 7.28 (IH, d, J = 9Hz), 7.77 (IH, d, J = 9Hz), 7.97 (IH, d, J = 2Hz) 

Example 24 

Bis(tert-butylamine) salt of (N-methylcarbamoylmethylene)bis(phosphonic acid) 
mp ; 229 °C (dec.) 
35 IR (Nujol) : 3600-2000, I645, II50 cm" 1 

NMR (D 2 0, 5) : 1.36 (18H, s), 2.79 (3H, s), 3.22 (IH, t, J = 2IHz) 

Example 25 

Disodiunrfialt of[N-(n-butyI)thiocarbamoyImethyIene]bis(phosphonic acid) 
40 mp:>250°C 

IR (Nujol) : 3500, 3250, I560, I280, II80, I065 cm" 1 

NMR (D 2 0, 5) : 0.94 (3H, t, J = 7Hz), L33-I.5I (2H, m), I.5I-I.69 (2H, m), 3.6I (2H, t, J = 8Hz), 3.9I (IH, t, 
J=2IHz) 

46 Example 26 

Disodium~salt of [N-(4-trifluoromethylphenyl)carbamoylmethylene]bis(phosphonic acid) 
mp:>250*C 

IR (Nujol) : 3700-3000 (br), 2300, I650, 1600, I335, I100 cm" 1 
NMR (D 2 0, 5) : 3.3I (IH, t, J = 20Hz), 7.70 (4H, s) 

50 

Example 27 

Disodiumlalt of [N-(4-methylthiophenyi)thiocarbamoylmethylene]bis(phosphonic acid) 
mp : 215° C (dec.) 

IR (Nujol) : 3500, 3300, 1500, 1390, 1170, 1065 cm" 1 
55 NMR (D 2 0, 8) : 2.5 (IH, s), 4.09 (IH, t, J = 21Hz), 7.4 (2H, d, J = 8.6Hz), 7.59 (2H, d, J = 8.6Hz) 

Example 28 

Disodiumliatt of [N-(4-mesylaminophenyI)thiocarbamoylmetIiylene]bis(phosphonic acid) 
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mp : 225 °C (dec.) 

IR (Nujol) : 3200, 2350, I5I0, I320, II50 cm" 1 

NMR (D 2 0, 5) : 3J2 (3H, s), 4.08 (IH, t, J = 20Hz), 7.34 and 7.65 (each 2H, d, J = 9Hz) 
Example 29 

Disodium~ialt of [N-(3-mesylaminophenyI)thiocarbamoylmethylene]bis(phosphonic acid) 
mp : 212° 0 (dec.) 

IR (Nujol) : 3300, 2400, 1620, 1340, 1160, 1080 cm-" 1 

NMR (D 2 0, 5) : 3.12 (3H, s), 4.80 (IH, t, J = 20Hz), 7.22-7.25 (IH, br d, J = 6Hz), 7.45-7.49 (2H, m), 7.73 (IH, br 
s) 

Example 30 

Disodium~iaIt of [N-(4-acetylaminophenyl)thiocarbamoylmethyIene]bis(phosphonic acid) 
mp : 218° C (dec.) 

IR (Nujol) : 3250, 2350, 1660, 1510, 1400, 1140, 1060 cm" 2 

NMR (D 2 0, 5) : 2.18 (3H, s), 4.80 (IH, t, J = 20Hz), 7.50 and 7.64 (2H, d, J = 8Hz) 
Example 31 

Disodium~salt of [N-(3-acetylaminophenyl)thiocarbamoyl]methylenebis(phosphonic acid) 
mp : 209 °C (dec.) 

IR (Nujol) : 3200, 2350, 1670, 1605, 1550, 1160, 1080 cm -1 

NMR (D 2 0, 5) : 2.I6 (3H, s), 4.80 (IH, t, J = 20Hz), 7.35-7.57 (2H, m), 7.76 (IH, br s) 

The following compounds (Examples 32 to 37) were obtained according to a similar manner to that of 
Preparation 29. 

Example 32 

Bis(tert-buty lam i ne)salt of [(2-benzo[b]thiophenecarboxamido)methylene]bis(phosphonic acid) 
mp : 234-238° C 

IR (Nujol) : 3700-2050 (br), I640 cm" 1 

NMR (D 2 0, 8) : I.40 (I8H, s), 4.59 (IH, t, J = 20Hz), 7.43-7.58 (2H, m), 7.95-8.08 (2H, m). 8.II (IH, s) 
Example 33 

Tris(tert-butylamine)salt of [(2-quinolinecarboxamido)methylene]bis(phosphonic acid) 
IR (Nujol) : 3700-2000 (br), 1660 cm" 1 

NMR (D 2 0, 5) : I.46 (27H, s), 4.6I (IH, t, J = 20Hz), 7.76 (IH, t, J = IIHz), 7.94 (IH, t, J = IIHz), 8.08 (IH, d, 
J = 8Hz), 8.20 (2H, t, J = HHz), 8.58 (IH, d, J = 8Hz) 

Example 34 

Disodiunrvialt of (benzoylaminomethylene)bis(phosphonic acid) 
mp : >260°C 

NMR (D 2 0, 8) : 4.66 (IH, t, J = 20Hz), 7.20-7.50 (3H, m), 7.85 (2H, d, J = 8Hz) 
Example 35 

Disodium~ialt of [(4-chiorobenzoylamino)methylene]bis(phosphonic acid) 
mp : >260° C 

NMR (D 2 0, 5) : 4.65 (IH, t, J = 20Hz), 7.55 (2H, d, J = 9Hz), 7.83 (2H, d, J=9Hz) 
Example 36 

Disodiunrfsalt of [(2-pyridinecarboxamido)methylene]bis(phosphonic acid) 
mp : >300° C 

IR (Nujol) : 3700-2300 (br), I670 cm" 1 

NMR (D 2 0, 5) : 4.64 (IH, t, J = 20Hz), 7.64-7.7! (IH, m), 8.04-8.I4 (2H, m), 8.66 (IH, d, J = 5Hz) 
Example 37 

[{2-(lmidazol-4-yl)acetamido}methylene]bis(phosphonic acid) 
mp : 247-250 °C 

NMR (D 2 0, 5) : 3.77 (2H, s), 4.55 (IH, t, J = 2IHz), 7.24 (IH, s), 8.5I (IH, s) 
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The following compounds (Examples 38 to 43) were obtained according to a similar manner to that of 
Preparation 35. 

Example 38 

(PhenylsuTfonylaminomethylene)bis(phosphonic acid) 
mp : 2I5-2I6* C 

NMR (D 2 0, 5) : 3.95 (IH, t, J = 2lHz), 7.50-7.70 (3H, m), 7.89 (IH, dd, J = l, 8Hz) 
Example 39 

(Tosylaminomethylene)bis(phosphonic acid) 
mp : 232-233° C 

NMR (D 2 0, 5) : 3.98 (IH, t, J = 2IHz), 7.78 and 7.4I (4H, ABq, J = 8.lHz) 
Example 40 

Disodium~ialt of [(4-chIorophenyl)sulfonylaminomethylene]bis(phosphonic acid) 
mp : >260°C 

NMR (D 2 0, 5) : 3.80 (IH, t J = 20Hz), 7.59 (2H, d, J = 8Hz), 7.88 (2H, d, J = 8Hz) 
Example 4i 

[(3,4-Dichlorophenyl)suIfony!aminomethylene]bis(phosphonic acid) 
mp : >250°C 

IR (Nujol) : 3I00, I345, I270, I230, I050 cm" 1 

NMR (D 2 0, 5) : 3.74 (IH, t, J = 20Hz), 7.70 (1H, d, J =9Hz), 7.80 (IH, d, J = 9Hz), 8.09 (IH, s) 
Example 42 

[(2-Thienyi)sulfonylaminomethylene]bis(phosphonic acid) 

mp : 231° C (dec.) 

IR (Nujol) : 3540, 1325, 1165 cm" 1 

NMR (D 2 0, 5): 3.98 (IH, t, J = 2lHz), 7.I-7.2 (IH, m), 7.73 (IH, d, J = 3.5Hz), 7.79 (IH, d, J = 5Hz) 
Example 43 

Disodium~salt of [(8-quinolyl)sulfonylaminomethylene]bis(phosphonic acid) 
mp : >260°C 

NMR (D 2 0, 5) : 3.65 (IH, t, J = l9Hz), 7.6I (IH, dd, J = 3, 7Hz), 7.65 (IH, t, J = 7Hz), 8.II (IH, d, J = 7Hz), 8.40 
(IH, d, J = 7Hz), 8.44 (IH, d, J=7Hz), 8.96 (IH, d, J = 3Hz) 

Example 44 

To a solution of tetraisopropyl [N-(phenyl)thiocarbamoylmethylene]bis(phosphonate) (0.I0I g) in 
methylene chloride (4 ml) was added iodotrimethyisilane (0.I8 ml) in one portion at 5°C. The mixture was 
stirred for 30 minutes at ambient temperature and then extracted with water. The aqueous layer was 
washed with methylene chloride and the solvent was removed azeotropically with toluene under reduced 
pressure. The residue containing [N-(phenyl)thiocarbamoylmethylene]bis(phosphonic acid) was dissolved in 
ethanol (2.I ml) and tert-butylamine (0.II ml) was added thereto. The solvent was removed and the residue 
was pulverized with a mixture of ethanol and diethyl ether. The powder was dissolved in water and 
lyophiiized to give tris(tert-butylamine)salt of [N-(phenyl)thiocarbamoyimethyIene]bis(phosphonic acid) (93 
mg) as a colorless powder, 
mp : 140° C 

NMR (D 2 0, 5) : 1.35 (27H, br s), 4.05 (IH, t, J = 20Hz), 7.3-7.75 (5H, m) 

The following compounds (Examples 45 to 54) were obtained according to a similar manner to that of 
Example 44. 

Example 45 

Tris(tert-butyiamine) salt of [N-(4-chIorophenyl)carbamoylmethylene]bis(phosphonic acid) 
mp : 206-210° C 

IR (Nujol) : 3700-2000, 1660, 1540, 1150, 1090, 825 cm" 1 

NMR (D 2 0, 5) : 1.4 (27H, br s), 3.23 (IH, t, J = 20Hz). 7.40 and 7.50 (4H, ABq, J = 9Hz) 
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Example 46 

Tris(tert-butylamine) salt of [N-(phenyl)carbamoylmethyfene]bis(phosphonic acid) 
mp : 207-209 ° C 

IR (Nujol) : 3700-2000, I650, I600, II50, II30, I065, 960 cm" 1 

NMR (D 2 0, 5) : I.40 (27H, br s), 3.25 (IH, t, J = 20Hz), 7.I5-7.6 (5H, m) 

Example 47 Tris(tert-butylamine) salt of [N-{4-fluorophenyi)carbamoylmethyIene]bis(phosphonic acid) 
mp : 209-2ITC 

IR (Nujol) : 3700-2000 (br), I650 cm" 1 

NMR (D 2 0, 5) : I.36 (27H, s), 3.23 (IH, t, J = 20Hz), 7.I4 (2H, t, J = 8Hz), 7.50 (2H, dd, J = 8 and 5Hz) 
Example 48 

Tris(tert-butylamine) salt of [N-(3,4-dichlorophenyl)carbamoylmethylene]bis(phosphonic acid) 
mp : 216-220° C 

IR (Nujol) : 3600-2100 (br), 1660 cm" 1 

NMR (D 2 0, 5) : I.35 (27H, s), 3.30 (IH, t, J = 20Hz), 7.38 (IH, dd, J = 9 and 2Hz), 7.50 (IH, d, J = 9Hz), 7.8! (IH, 
d, J = 2Hz) 

Example 49 

Tris(tert-butylamine) salt of [N-(p-tolyl)carbamoylmethyiene]bis(phosphonic acid) 
mp : 221-230° C 

IR (Nujol) : 3700-2000 (br), 1655 cm" 1 

NMR (D 2 0, 5) : I.36 (27H, s), 2.32 (3H, s), 3.27 (IH, t, J = 20Hz), 7.25 (2H, d, J = 8Hz), 7.40 (2H, d, J = 8Hz) 
Example 50 

Tris(tert-butylamine) salt of [N-(4-methoxyphenyl)carbamoyImethylene]bis(phosphonic acid) 
mp : 214-220° C 

IR (Nujol) : 3700-2300 (br), 1650 cm" 1 

NMR (D 2 0, 5) : I.37 (27H, s), 3.27 (IH, t, J = 20Hz), 3.85 (3H, s), 7.02 (2H, d, J = 8Hz), 7.45 (2H, d, J = 8Hz) 
Example 51 

Tris(tert-butylamine) salt of l-[N-(4-chlorophenyl)carbamoyl]ethane-l,l-bis(phosphonic acid) 
mp : 237-239° C 

IR (Nujol) : 3700-2000 (br), 1650 cnrr 1 

NMR (D 2 0, 5) : L36 (27H, s), (.56 (3H, t, J = l4Hz), 7.38 (2H, d, J = 8Hz), 7.50 (2H, d, J = 8Hz) 
Example 52 

Tris(tert-butylamine) salt of [N-(4-chlorophenyl)thiocarbamoylmethylene]bis(phosphonic acid) 
mp : 206-208 °C 

NMR (D 2 0, 5) : I.34 (27H, m), 4.08 (IH, t, J = 22Hz), 7.47 and 7.60 (4H, ABq, J = 8Hz) 
Example 53 

Bis(tert-butylamine) salt of [N-(l-naphthyl)thiocarbamoyImethylene]bis(phosphonic acid) 
mp : 160*0 (dec.) 

NMR (D 2 0, 5) : 1.35 (18H, s) 5 4.24 (IH, t, J = 22Hz), 7.60-8.23 (7H, m) 
. Example 54 

Bis(tert-butylamine) salt of (N-methylcarbamoylmethylene)bis(phosphonic acid) 
mp : 229 °C (dec.) 

IR (Nujol) : 3600-2000, 1645, 1150 cnrr 1 

NMR (D 2 0, 5) : I.36 (I8H, s), 2.79 (3H, s), 3.22 (IH, t, J = 2IHz) 
Example 55 

To a solution of tetraisopropyl [N-(3-trifluoromethylphenyl)thiocarbamoylmethylene]bis(phosphonate) (2 
g) in methylene chloride (36 ml) was added iodotrimethylsilane (2.86 ml) at 0° C and the mixture was stirred 
for 4 hours at the same temperature. Water (40 ml) was poured into the reaction mixture and the separated 
aqueous layer was washed four times with methylene chloride and concentrated. The residue was dissolved 
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in acetonitrile (30 ml) and tert-butylamine (534 mg) was added thereto. The resulting precipitate was 
collected by filtration and tert-butylamine (534 mg) was added to the filtrate. The resulting precipitate was 
collected by filtration. The obtained precipitates were combined and passed through the column chromatog- 
raphy on Dowex 50W x 8 (H + , 5 ml) (Trademark : manufactured by Dow Chemical Co.) with water. The 
eluents were concentrated and the residue containing [N-(3-trifluoromethyiphenyl)thiocarbamoylmethylene]- 
bis(phosphonic acid) was dissolved in water (20 ml). To the solution was added sodium acetate (266 mg) 
and the mixture was stirred at 60° C for 20 minutes and then heated at 100° C with adding ethanol thereto. 
After the mixture was cooled, the resulting precipitate was collected by filtration and dried in vacuo to give 
disodium salt of [N-(3-trifIuoromethylphenyl)thiocarbamoylmethylene]bis(phosphonic acid) (544 mg). 
mp : 218° C (dec.) 

IR (Nujol) : 3300, 1600, 1410, 1170, 1130, 1070, 890 cm" 1 

NMR (D 2 0, 8) : 4.2I (IH, t, J = 20Hz), 7.60-7.77 (2H, m), 7.82 (IH, m), 8.I0 (IH, s) 

The following compounds (Examples 56 to 74) were obtained according to a similar manner to that of 
Example 55. 

Example 56 

Disodium*salt of [N-(4-trifIuoromethylphenyl)thiocarbamoylmethylene]bis(phosphonic acid) 
mp : 218° C (dec.) 

IR (Nujol) : 3260, 1610, 1425, 1400, 1335, 1170, 1065 cm" 1 

NMR (D 2 0, 5) : 4.II (IH, t, J = 20.7Hz), 7.80 and 7.88 (4H, ABq, J = 8.8Hz) 

Example 57 

Disodiunrfsalt of [N-(3-chlorophenyl)thiocarbamoylmethylene]bis(phosphonic acid) 
mp : 224° C (dec.) 

IR (Nujol) : 3300, 3200, 2350, I595, I400, I255, I200, II70, I090 cm" 1 
NMR (D 2 0, 5) : 4.I2 (IH, t, J = 20Hz), 7.3I-7.56 (3H, m), 7.88 (IH, s) 

Example 58 

Disodiunrfsalt of [N-(2-chlorophenyl)thiocarbamoylmethylene]bis(phosphonic acid) 
mp : 255-257° C (dec.) 

IR (Nujol) : 3700-2400 (br), I590, I150, II20 cm" 1 
Example 59 

Disodium~salt of [N-(4-fluorophenyl)thiocarbamoylmethylene]bis(phosphonic acid) 

mp : 247-249° C (dec.) 

IR (Nujol) : 3700-2300 (br), I220, I090 cm" 1 

NMR (D 2 0, 5) : 4.I0 (IH, t, J = 2IHz), 7.2I (2H, t, J = 9Hz), 7.58 (2H, dd, J = 9 and 5Hz) 
Example 60 

Disodium~ialt of [N-(p-tolyl)thiocarbamoylmethylene]bis(phosphonic acid) 

mp : 255-258° C (dec.) 

IR (Nujol) : 3700-2300 (br), I520, H50 cm" 1 

NMR (D 2 0, 5) : 2.37 (3H, s), 4.04 (IH, t, J = 20Hz), 7.32 and 7.52 (2H, dd, J = 8Hz) 
Example 61 

Disodium~salt of [N-(2-methoxyphenyl)thiocarbamoylmethylene]bis(phosphonic acid) 
mp : 227° C (dec.) 

IR (Nujol) : 3605, 3350, I600, I540, I400, I240, II60, I050 cm" 1 

NMR (D 2 0, 5) : 3.90 (3H, s), 4.09 (IH, t, J = 20Hz), 7.03-7.I9 (2H, m), 7.37 (IH, t, J = 8Hz), 8.14 (IH, d, J = 8Hz) 
Example 62 

Disodiunrfsalt of [N-(3,4-dichlorophenyI)thiocarbamoylmethylene]bis(phosphonic acid) 

mp : 248-250° C (dec.) 

IR (Nujol) : 3700-2300 (br), H90, 1090 cm" 1 

NMR (D 2 0, 5) : 4.03 (IH, t, J = 20Hz), 7.53-7.64 (2H, m), 8.03 (IH, s) - 
Example 63 

Disodiunrfialt of [N-(2-pyridyl)carbamoylmethylene]bis(phosphonic acid) 
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mp : >300°C 

IR (Nujol) : 3700-2100 (br), I675 cm" 1 

NMR (D 2 0, 5) : 3.47 (IH, t, J = 20Hz), 7.27 (IH, t, J = 6Hz), 7.83 (IH, d, J = 8Hz), 7.95 (IH, t, J = 8Hz), 8.29 (IH, 
d, J = 6Hz) 

Example 64 

Disodium~ialt of [N-(2-benzo[b]thienyl)thiocarbamoylmethylene]bis(phosphonic acid) 
mp:>280°C 

IR (Nujoi) : 3700-2300 (br), I460, I410, I230, II60 cm" 1 

NMR (D 2 0, 5) : 4.02 (IH, t, J = 20Hz), 7.35-7.47 (2H, m), 7.45 (IH, s), 7.85 (IH, d, J = IIHz), 7.97 (IH, d, 
J = l5Hz) 

Example 65 

Disodiumlsalt of [N-(2-trifIuoromethylphenyl)thiocarbamoylmefhylene]bis(phosphonic acid) 
mp : 212*0 (dec.) 

IR (Nujol) : 3250, 2400, 1530, 1410, 1320, 1150, 1060 cm" 1 

NMR (D 2 0, 8) : 4.I6 (IH, t, J = 2IHz), 7.52-7.60 (IH, m), 7.65-7.76 (2H, m), 7.83 (IH, d, J = 8Hz) 
Example 66 

Disodium~salt of [N-(4-chIoro-3-trifIuoromethyIphenyI)thiocarbamoyImethylene]bis(phosphonic acid) 
mp : 245 °C (dec.) 

IR (Nujol) : 3350, 3200, I620, I560, I486, I4I5, I320 cm" 1 

NMR (D 2 0, 5) : 4.00 (IH, t, J = 20Hz), 7.68 (IH, d, J = 9Hz), 7.88 (IH, d, J = 9Hz), 8.29 (IH, s) 
Example 67 

Disodium~sait of [N-(4-methoxy-3-trifluoromethyIphenyl)thiocarbamoylmethyIene]bis(phosphonic acid) 
mp : 249-252° C (dec.) 

IR (Nujol) : 3250, 2350, 1505, 1325, 1280, 1130 cm" 1 

NMR (D 2 0, 5) : 4.05 (IH, t, J = 20Hz), 7.28 (IH, d, J = 9Hz), 7.77 (IH, d, J = 9Hz), 7.97 (IH, d, J=2Hz) 
Example 68 

Disodiumlsalt of [N-(n-butyI)fhiocarbamoylmethylene]bis(phosphonic acid) 
mp : >250* C 

IR (Nujol) : 3500, 3250, I560, 1280, II80, I065 cm" 1 

NMR (D 2 0, 5) : 0.94 (3H, t, J = 7Hz), 1.33-1.51 (2H, m), 1.51-1.69 (2H, m), 3.61 (2H, t, J=8Hz), 3.91 (iH, t, 
J = 2!Hz) 

Example 69 

Disodiurrfialt of [N-(4-trifluoromethylphenyl)carbamoyimethyIene]bis(phosphonic acid) 
mp : >250*C 

IR (Nujol) : 3700-3000 (br), 2300, 1650, 1600, 1335, 1100 cm" 1 
NMR (D 2 0, 5) : 3.3I (IH, t, J=20Hz), 7.70 (4H, s) 

Example 70 

Disodiurrvialt of [N-(4-methylthiophenyl)thiocarbamoyImethylene]bis(phosphonic acid) 
mp : 215° C (dec.) 

IR (Nujol) : 3500, 3300, 1500, 1390, 1170, 1065 cm" 1 

NMR (D 2 0, 5) : 2.5 (IH, s), 4.09 (IH, t, J = 2IHz), 7.4 (2H, d, J = 8,6Hz), 7.59 (2H, d, J = 8.6Hz) 
Example 71 

Disodium~saIt of [N-(4-mesylaminophenyl)thiocarbamoylmethylene]bis(phosphonic acid) 
mp : 225° C (dec.) 

IR (Nujol) : 3200, 2350, 1510, 1320, 1150 cm" 1 

NMR (D 2 0, 5) : 3.12 (3H, s), 4.08 (IH, t, J = 20Hz), 7.34 and 7.65 (each 2H, d, J =9Hz) 
Example 72 

Disodium~iaIt of [N-(3- mesylaminophenyl)thiocarbamoyImethylene]bis(phosphonic acid) 
mp : 2I2°C (dec.) 
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IR (Nujol) : 3300, 2400, I620, I340, II60, I080 cm" 1 

NMR (D 2 0, 5) : 3J2 (3H, s), 4.80 (IH, t, J = 20Hz), 7.22-7.25 (IH, br d, J = 6Hz), 7.45-7.49 (2H, m), 7.73 (IH, br 
s) 

5 Example 73 

DisodiunrTsalt of [N-(4-acetylaminophenyl)thiocarbamoylmethylene]bis(phosphonic acid) 
mp : 218° C (dec.) 

IR (Nujoi) : 3250, 2350, 1660, 1510, 1400, 1140, 1060 cm" 1 

NMR (D 2 0, 5) : 2.I8 (3H, s), 4.80 (IH, t, J = 20Hz), 7.50 and 7.64 (2H, d, J = 8Hz) 

70 

Example 74 

Disodium~sait of [N-(3-acetylaminophenyl)thiocarbamoyl]methylenebis(phosphonic acid) 
mp : 209° C (dec.) 

IR (Nujol) r 3200, 2350, I670, I605, I550, II60, I080 cm" 1 
75 NMR (D 2 0, 5) : 2.I6 (3H, s), 4.80 (IH, t, J = 20Hz), 7.35-7.57 (2H, m), 7.76 (IH, br s) 

Example 75 

Tris(tert-butylamine) salt of [N-(phenyl)thiocarbamoyImethylene]bis(phosphonic acid) (9.07 g) was 
20 passed through the column chromatography on Dowex 50W x 8 (H + , 76 ml) with water and the eluents 
were concentrated to give the residue containing [N-(phenyl)thiocarbamoylmethylene]bis(phosphonic acid). 
To IM aqueous solution of sodium acetate (34.2 ml) was added the solution of the obtained residue in water 
(34.2 ml) and the mixture was stirred for 30 minutes. After ethanol (I60 ml) was added thereto, the mixture 
was heated to give a precipitate. The mixture was cooled and the resulting precipitate was collected by 
25 filtration to give disodium salt of [N-(phenyl)thiocarbamoylmethylene]bis(phosphonic acid) (6.07 g). 
mp : 216° C (dec.) 

IR (Nujol) : 3500, 3300, 1505, 1175, 1145, 920 cm" 1 
NMR (D z O, 5) : 4.I0 (IH, t, J = 2lHz), 7,3-7.75 (5H, m) 

30 Example 76 

To a solution of tetraethyl [(2-benzo[b]thiophenecarboxamido)methylene]bis(phosphonate) (463 mg) in 
methylene chloride (2 ml) was added iodotrimethylsilane (I ml) in one portion at 5°C. The mixture was 
stirred for one hour at 5° C, allowed to stand for 2 days in a refrigerator and then additionally stirred for one 

35 hour at ambient temperature. The mixture was extracted with water. The aqueous layer was washed with 
methylene chloride and diethyl ether and then evaporated under reduced pressure. The residue was 
dissolved in water and therein tert-butylamine (I83 mg) was added. The mixture was lyophilized to give bis- 
(tert-butyiamine)salt of [(2-benzo[b]thiophenecarboxamido)methylene]bis(phosphonic acid) (277 mg) as a 
white powder. 

40 mp: 234-238° C 

IR (Nujol) : 3700-2050 (br), 1640 cm~ 1 

NMR (D 2 0, 8) : I.40 (I8H, s), 4.59 (IH, t, J = 20Hz), 7.43-7.58 (2H, m), 7.95-8.08 (2H, m), 8.II (IH, s) 
Example 77 

45 

Tris(tert-butylamine)salt of [(2-quinolinecarboxamido)methylene]bis(phosphonic acid) was obtained ac- 
cording to a similar manner to that of Example 76. 
IR (Nujol) : 3700-2000 (br), 1660 cm" 1 

NMR (D 2 0, 5) : I.46 (27H, s), 4.6I (IH, t, J = 20Hz), 7.76 (IH, t, J = MHz), 7.94 (IH, t, J = IIHz), 8.08 (IH, d, 
50 J- 8Hz), 8.20 (2H, t, J = IIHz), 8.58 (IH, d, J = 8Hz) 

Example 78 

[(2-Pyridinecarboxamido)methylene]bis(phosphonic acid) was obtained according to a similar manner to 
55 that of Example 76. 
mp : 277° C (dec.) 
IR (Nujol) : 3I50, 1670, I640, I6I5 cm-l 

NMR (DMSO-ds, 5) : 4.60 (IH, td, J = 20 and 10Hz), 7.63-7.70 (IH, m), 8.00-8.I0 (IH, m), 8.37 (IH, d, J = IOHz), 
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8.70 (IH, br d, J = 5Hz) 

A mixture of [(2-pyridinecarboxamido)methylene]bis(phosphonic acid) (I80 mg) and sodium acetate 
trihydrate (I65 mg) in water (2 mi) was stirred for 30 minutes at ambient temperature, and then filtered. 
Ethanol (6 ml) was added to the filtrate to give a suspension. This suspension was heated and insoluble 
5 material was filtered off. The filtrate was allowed to stand and the precipitate was collected to give disodium 
salt of [(2-pyridinecarboxamido)methylene]bis(phosphonic acid)(!3l mg) as a white powder, 
mp : >300°C 

IR (Nujol) : 3700-2300 (br), I670 cm" 1 

NMR (D 2 0, 5) : 4.64 (IH, t, J = 20Hz), 7.64-7.7! (IH, m), 8.04-8.14 (2H, m), 8.66 (IH, d, J = 5Hz) 
w The following compounds (Examples 79 and 80) were obtained according to a similar manner to that of 
Example 78. 

Example 79 

Disodium~salt of (benzoylaminomethylene)bis(phosphonic acid) 
15 mp:>260°C 

NMR (D 2 0, 5) : 4.66 (IH, t, J =20Hz), 7.20-7.50 (3H, m), 7.85 (2H, d, J = 8Hz) 
Example 80 

Disodium~salt of [(4-chlorobenzoylamino)methytene]bis(phosphonic acid) * 
20 mp : >260°C 

NMR (D 2 0, 5) : 4.65 (IH, t, J=20Hz), 7.55 (2H, d, J = 9Hz), 7.83 (2H, d, J=9Hz) 
Example 81 

25 To a solution of tetraethyl [[2-{I-(tertbutoxycarbonyl)imidazol-4-yl}acetamido]methylene]bis- 
(phosphonate) (67 mg) in methylene chloride (I ml) was added iodotrimethylsilane (0J2 ml) dropwise with 
stirring on an ice-water bath under nitrogen atmosphere. The mixture was stirred for I hour under the same 
condition and then for 2 hours at ambient temperature. After added water (I ml) with stirring under ice- 
cooling, the mixture was stirred for I5 minutes. To the mixture were added water (4 ml) and chloroform (4 

30 ml). 'The separated aqueous layer was washed with chloroform (5 ml) four times and concentrated under 
reduced pressure to give a yellow syrup (70 mg). 

The syrup was dissolved in water (0.5 ml) and stirred for 3 hours at ambient temperature to give a white 
precipitate. The precipitate was filtered and washed with cold water (I ml) to give a white powder of [{2- 
(imidazol-4-yl)acetamido}methylene]bis(phosphonic acid) (20 mg). 

35 mp: 247-250 °C 

NMR (D 2 0, 5) : 3.77 (2H, s), 4.55 (IH, t, J = 2IHz), 7.24 (IH, s), 8.51 (IH, s) 

Example 82 

40 To a solution of tetraethyl (phenylsulfonylaminomethylene)bis(phosphonate) (400 mg) in methylene 
chloride (4 ml), was added iodotrimethylsilane (0.8 ml) dropwise with stirring under nitrogen gas atmosphere 
in an ice-water bath. The mixture was stirred for 30 minutes at the same condition and then at ambient 
temperature for I.5 hours. To the reaction mixture were added water (10 ml) and chloroform (8 ml) under ice- 
water bath cooling. The separated aqueous layer was washed with chloroform until its color disappeared 

45 and then evaporated in reduced pressure. The residue was washed with ethanol to give white powder of 
(phenylsulfonylaminomethylene)bis(phosphonic acid) (194 mg). 
mp : 215-216° C 

NMR (D 2 0, 5) : 3.95 (IH, t, J = 21Hz), 7.50-7.70 (3H, m), 7.89 (IH, dd, J = l, 8Hz) 

The following compounds (Examples 83 to 86) were obtained according to a similar manner to that of 
so Example 82. 

Example 83 

(Tosylaminomethylene)bis(phosphonic acid) 
mp : 232-233 * C 

55 NMR (D 2 0, 5) : 3.98 (IH, t, J = 21Hz), 7.78 and 7.41 (4H, ABq, J = 8.1Hz) 
Example 84 

[(4-Chloro"phenyi)sulfonylaminomethylene]bis(phosphonic acid) 
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mp : 255-256° C (dec.) 

NMR (D 2 0, 8) : 3.94 (IH, t, J = 22Hz), 7.60 (2H, d, J = 8Hz), 7.88 (2H, d, J = 8Hz) 

Disodium salt of [(4-chlorophenyl)sulfonylaminomethylene]bis(phosphonic acid) was obtained according 
5 to a similar manner to that of Example 78 from [(4-chlorophenyl)sulfonyfaminomethylene]bis(phosphonic 
acid) and sodium acetate trihydrate. 
mp:>260°C 

NMR (D 2 0, 5) : 3.80 (IH, t, J = 20Hz), 7.59 (2H, d, J = 8Hz), 7.88 (2H, d, J = 8Hz) 
10 Example 85 

[(3,4-Dichlorophenyi)sulfonylaminomethylene]bis(phosphonic acid) 
mp : >250°C 

IR (Nujol) : 3I00, 1345, I270, I230, I050 cm" 1 

NMR (D 2 0, 5) : 3.74 (IH, t, J = 20Hz), 7.70 (IH, d, J = 9Hz), 7.80 (IH, d, J* 9Hz), 8.09 (IH, s) 

75 

Example 86 

[(2-Thienyl)sulfonylaminomethylene]bis(phosphonic acid) 
mp : 23f C (dec.) 
!R (Nujol) : 3540, I325, H65 cm" 1 
20 NMR (D 2 0, 5) : 3.98 (IH, t, J = 21Hz), 7.1-7.2 (IH, m), 7.73 (IH, d, J = 3.5Hz), 7.79 (IH, d, J = 5Hz) 

Example 87 

Disodium salt of [(8-quinolyl)sulfonylaminomethylene]bis(phosphonic acid) was obtained according to a 
25 similar manner to that of Example 84. 
mp : >260° C 

NMR (D 2 0, 5) : 3.65 (IH, t, J = l9Hz), 7.61 (IH, dd, J = 3, 7Hz), 7.65 (IH, t, J = 7Hz), 8.11 (IH, d, J = 7Hz), 8.40 
(IH, d, J = 7Hz), 8.44 (IH, d, J=7Hz), 8.96 (IH, d, J = 3Hz) 

30 Claims 

1. A compound of the formula : 

35 R ! 

O A O 
HO. II | II >0H 
P — C — P 

40 HO^ \ 0 N OH 



wherein 

45 R 1 -A- is a group of the formula : 



X O 



50 



1 H 1 H 

R -NH-C-, R -C-NH- or R -S0 2 -NH 



1 



in which 

R 1 is aryl or a heterocyclic group, each of which may be substituted with substituent(s) 
55 selected from the group consisting of Ci-Cs alkyl, Ci-C 6 alkoxy, Ci-C G alkylthio, halo(Ci- 

Cs)alkyl, acyl, acylamino and halogen, or Ci-Cs alkyl which may be substituted with a 
heterocyclic group optionally substituted with acyl, and 
X is O or S, and 
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70 



50 



R 2 is hydrogen or Ci-Cg alkyl, 

provided that when R 1 is Ci-C 5 alkyl, then 
R 1 -A- is a group of the formula : 



X 



1 11 1 
R -NH-C- or R -S0 2 -NH- 

in which R 1 and X are each as defined above, and pharmaceutical^ acceptable salts 
thereof. 

2. A compound of claim 1 , wherein 

15 R 1 is phenyl, naphthyl, pyridyl, imidazolyl, thienyl, quinolyl, benzothienyl or benzothiazolyl, each 

of which may be substituted with substituent(s) selected from the group consisting of Ci-C 5 
alkyl, Ci-Cg alkoxy, Ci-C 6 alkylthio, halo(Ci-C 5 )alkyl, C1-C5 alkoxycarbonyl, Ci-C 5 al- 
kanoylamincCi-Cs alkylsulfonylamino and halogen, or Ci-Ce alkyl which may be substituted 
with imidazolyl optionally substituted with Ci-Cg alkoxycarbonyl. 

20 

3. A compound of claim 2, wherein 
R 1 -A- is a group of the formula : 



25 X 

1 11 

R -NH-C- 

30 in which 

R 1 is phenyl, naphthyl, Ci-C 5 alkylphenyi, Ci-C 5 alkoxyphenyl, Ci-Cs alkylthiophenyl, mono or 
dihalophenyl, halo(Ci-C 6 )alkylphenyl, Ci-Ce alkanoylaminophenyl, Ci-Cg aikylsul- 
fonylaminophenyl, halogen and halo(Ci-C G )alkyl substituted phenyl, Ci-C e alkoxy and halo- 
(Ci-C6)alkyl substituted phenyl, pyridyl, benzo[b]thienyi or Ci-Cs alkyl, and 
35 X is 0 or S, and 

R 2 is hydrogen. 

4. A compound of claim 3, wherein 

R 1 is phenyl, monohalophenyl, mono[halo(Ci-CG)alkyl]phenyl or mono(Ci-Ce)- 
40 alkylsulfonylaminophenyl. 

5. A compound of claim 4, which is 

disodium salt of [N-(phenyl)thiocarbamoylmethylene]bis(phosphonic acid). 

45 6. A compound of claim 2, wherein 
R 1 -A- is a group of the formula : 



R 1 -C-NH- 



55 7. A compound of claim 2, wherein 
R^A- is a group of the formula : 

R 1 -S0 2 -NH- 
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A process for preparing a compound of the formula : 

R 1 



u ~ 0 A O 

E \\\ ! H/ 0ri 

P-C-P 

HO x | 2 ^OH 
R 



wherein 

R 1 -A- is a group of the formula : 



X 



0 
fi 



R -NH-C-, R -C-NH- or 



R -S0 2 -NH- 



in which 

R 1 is aryl or a heterocyclic group, each of which may be substituted with substituent(s) 
selected from the group consisting of Ci-C 5 alkyi, Ci-Ce alkoxy, Ci-C 6 alkylthio, halo(Ci- 
C 6 )alkyl, acyi, acylamino and halogen, or Ci-Cs alky I which may be substituted with a 
heterocyclic group optionally substituted with acyl, and 
X is O or S, and 

R 2 is hydrogen or Ci-Cs alkyi, 

provided that when R 1 is Ci-Cg alkyi, then 

R 1 -A- is a group of the formula : 



1 " 1 

R -NH-C- or R -S0 2 -NH- 



in which R 1 and X are each as defined above, 
or its salt, which comprises 

a) reacting a compound of the formula : 



HO 



\ 



I! 



OH 



P-CH-P 

HO \ X OH 



wherein R 2 is as defined above, 

or its salt with a compound of the formula : 

R 1 -NCX 

wherein R 1 and X are each as defined above, or its equivalent or a salt thereof to give a compound 
of the formula : 
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R 1 






1 

NH 




0 


1 

C=X 


0 


HO. II 


- c 

J* 


II, OH 
P ^OH 



wherein R 1 , R 2 and X are each as defined above, 
or its salt, or 

b) reacting a compound of the formula : 



HO 0 NH 2 0 OH 

P-C P v 

HO"" | 9 OH 
IT 



wherein R 2 is as defined above, 

or its reactive derivative at the amino group 

or its salt with a compound of the formula: 



O 
II 

it-c-oh 



wherein R 1 is as defined above, 

or its reactive derivative at the carboxy group 

or its salt to give a compound of the formula : 



R 1 

i 

i 

C=0 



P — C P 

HO"" | ^ OH 

FT 



wherein R 1 and R 2 are each as defined above, 
or its salt, or 

c) reacting a compound of the formula : 
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HO s °f2 j} OH 

P-C P 

HO ^2 OH 

wherein R 2 is as defined above, or its reactive derivative at the amino group or its salt with a 
compound of the formula : 

R 1 -S0 2 -OH 

wherein R 1 is as defined above, 

or its reactive derivative at the sulfo group 

or its salt to give a compound of the formula: 





R 1 








1 

SO- 
1 2 






0 


NH 


0 




HO II 






OH 


P— 

HO 


-C 


-P 

\ 


OH 



wherein R 1 and R 2 are each as defined above, 
or its salt, or 

d) subjecting a compound of the formula : 



p 3 0 A O 5 



.P— C — P, 



IT 



,6 



wherein R 3 , R 4 , R 5 and R 5 are each protected hydroxy, and 

R 1 -A- and R 2 are each as defined above, or its salt to elimination reaction of the hydroxy- 
protective group to give a compound of the formula : 



Pv 



n O A O n 
H0 \il | U/° h 
P — C — P 



HO 



/ 



OH 



wherein R 1 -A- and R 2 are each as defined above, or its salt. 
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9. A pharmaceutical composition comprising, as an active ingredient, a compound of claim 1 or 
pharmaceutical acceptable salts thereof in association with pharmaceutical carrier. 

10. A compound of claim 1 for use as a medicament. 
Revendications 

1. Compose repondant a la formule : 

R 1 

I 

A O 
I II ^ H 

C -p n 

R 

dans laquelle Ft 1 -A- est un groupe repondant a la formule: 

X O 

II II 

Rl-NH—C-/ R 1 -C-NH- ou r 1 »so 2 nh- 

dans laquelle 

R 1 est un groupe aryle ou un groupe heterocyclique, chacun d f eux pouvant etre substitue par un 
ou plusieurs substituants choisis parmi les groupes alkyle en Ci a Cg, alcoxy en Ci a Cg, 
alkyithio en Ci a C 5 , haloaikyle en Ci a C e , acyie, acylamino et un atome d'halogene, ou un 
groupe alkyle en Ci a C G qui peut etre substitue par un groupe heterocyclique substitue si on 
le desire par un groupe acyie, et 
X est 0 ou S, et 
R 2 est un atome d'hydrogene ou un groupe alkyle en Ci a Cg, 
sous reserve que lorsque R 1 est un groupe alkyle en Ci a C6, 
R 1 -A- est un groupe repondant aux formules : 



X 

R 1 -NH-C- ou R 1 -S0 2 -NH- 

dans lesquelles R 1 et X sont chacun tels que definis ci-dessus. 
et ses seis pharmaceutiquement acceptabies. 

2. Compose selon la revendication 1 , dans lequel : 

R 1 est un groupe phenyle, naphtyle, pyridyle, imidazolyle, thienyle, quinolyle, benzothienyle ou 
benzothiazolyle, chacun d'eux pouvant etre substitue par un ou plusieurs substituants choisis 
parmi les groupes alkyle en Ci a C 6 , alcoxy en Ci a C e , alkyithio en Ci a Cs, haloaikyle en 
Ci a C 6 (alcoxy en Ci a C 6 )carbonyle, alcanoylamino en Ci a Cg, alkylsulfonylamino en'Ci a 
C s et un atome d T halogene t ou un groupe alkyle en Ci a C 6 qui peut etre substitue par un 
groupe imidazolyle substitue si on le desire par un groupe (alcoxy en Ci a Ce)carbonyle. 

3. Compose selon la revendication 2, dans lequel R 1 -A- est un groupe repondant a la formule : 



O 

HO II 
P — 
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X 

IT 

fA-nh-c- 

5 

dans laquelle : 

R 1 est un groupe phenyle, naphtyle, (alkyie en Ci a Cg) phenyle, (alcoxy en Ci a Cs)phenyle, 
(alkyle en Gi a Ce)thiophenyIe, mono- ou dihalophenyle, halo(alkyle en Ci a Cejphenyle, 
(aicanoylamino en Ci a Cs)phenyie (aikyle en Ci a Cejsulfonylaminophenyle, phenyle 
10 substitue par un atome d'halogene et un groupe haloalkyle en Ci a Cs, phenyle substitue par 

un groupe alcoxy en Ci a C G et un groupe halo(alkyle en Ci a C 6 ), pyridyle, benzo[b]thienyle 
ou alkyle en Ci a Cg et 

X est 0 ou S, et 

R 2 est un atome d'hydrogene. 

15 

4. Compose selon la revendication 3, dans lequel : 

R 1 est un groupe phenyle, monohalophenyie, mono[halo(aikyle en Ci a Ce^-phenyle, ou mono- 
(alkyle en Ct a C6)sulfonylaminophenyle. 

20 5. Composition selon la revendication 4, qui est le se disodique d'un acide [N-(phenyl)- 
thiocarbamoylmethyiene]-bis(phosphonique). 

6. Compose selon la revendication 2, dans lequel R 1 -A- est un groupe repondant a la formule : 



25 



30 



O 
fi 

Ri-C-NH- 



7. Compose selon la revendication 2, dans lequel R 1 -A- est un groupe repondant a la formule : 
R 1 -S0 2 -NH- 

35 8. Procede de preparation d'un compose repondant a la formule : 



R 1 

! 

40 n A o 

h \° t °/° h 

? - C— P 
R 

45 

dans laquelle R 1 -A- est un groupe repondant a la formule: 



X 0 

50 

ti it 

R 1 — NH-C-, R^—C-NH- ou R 1 -S02NH- 

55 dans laquelle 

R 1 est un groupe aryle ou un groupe heterocyclique, chacun d'eux pouvant etre substitue par un 
ou plusieurs substituants choisis parmi les groupes alkyle en Ci a Cs, alcoxy en Ci a Cg, 
alkylthio en Ci a Ce, haloalkyle en Ci a Cg, acyle, acylamino et un atome d'halogene, ou un 
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groupe alkyle en Ci a Ce qui peut etre substitue par un groupe heterocyclique substitue si on 

le desire par un groupe acyle, et 
X est 0 ou S, et 
R 2 est un atome d'hydrogene ou un groupe alkyle en Ci aCs, 
sous reserve que lorsque R 1 est un groupe alkyle en Ci a Cg, 
R 1 -A- est un groupe repondant a la formule : 



X 
tt 

Ri-NH-O OU R 1 -S02"NH- 



dans laquelle R 1 et X sont chacun tels que definis ci-dessus. 
et son sel, qui comprend : 

a) le fait de faire reagir un compose repondant a la formule 



O O 



P-CH-? 

HO X k 0H 
R 



dans laquelle R 2 est tel que defini ci-dessus, ou son sel, avec un compose repondant a la formule 
R 1 -NCX 



dans laquelle R 1 et X sont chacun tels que definis ci-dessus, ou son equivalent ou un de ses sels, 
pour donner un compose repondant a la formule : 



HO 



\ 



P— 



HO 



R 

I 

NH 

I 

C=X 

I 

c — 



.OH 



OH 



dans laquelle R 1 , R 2 et X sont chacun tels que definis ci-dessus, ou son sel, ou 
b) le fait de faire reagir un compose repondant a la formule : 



HO 0 ^2 0 OH 



P-C- 



HO' 



OH 



dans laquelle R 2 est tel que defini ci-dessus, ou son derive reactif sur le groupe amino ou son sel, 
avec un compose repondant a la formule : 
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If 

R x -C-OH 

dans laquelle R 1 est tel que defini ci-dessus, ou son derive reactif sur le groupe carboxy ou son sel, 
pour donner un compose repondant a la formule : 



HO 





R 1 

i 








i 

c=o 






0 

II 


I 

NH 
1 


0 

II 


OH 

/ 


p 


— C 

R 2 


- P 


^OH 



dans laquelle R 1 et R 2 sont chacun tels que definis ci-dessus, ou son sel, ou 
c) le fait de faire reagir un compose repondant a la formule : 



HO 



O NH- 

Nil I 2 
P-C 



o 
-P 



OH 



HO 



OH 



dans laquelle R 2 est tel que defini ci-dessus, ou son derive reactif sur le groupe amino ou son sel, 
avec un compose repondant a la formule : 

R'-SOz-OH 

dans laquelle R 1 est tel que defini ci-dessus, ou son derive reactif sur le groupe sulfo ou son 
sel.pour donner un compose repondant a la formule : 



R 
I 

SO- 



o 

HO II 
P- 

HO 



NH O 
-C P 

I? V « 



dans laquelle R 1 et R 2 sont chacun tels que definis ci-dessus, ou son sel, ou 
d) le fait de soumettre un compose repondant a la formule : 
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R 



dans laquelle R 3 , R*, R 5 et R 6 sont chacun un groupe hydroxy protege, et 

ri-A- et R 2 sont chacun tels que definis ci-dessus, ou son sel, a une reaction d'elimination du 
groupe protecteur du groupe hydroxy, pour donner un compose repondant a la formule : 



R 



HO 



P — C— P 



OH 



dans laquelle R 1 -A- et R2 sont chacun tels que definis ci-dessus, ou son sel. 

9. Composition pharmaceutique comprenant comme ingredient actif un compose selon la revendication 1 
ou ses sels pharmaceutiquement acceptables en association avec un support pharmaceutique. 

10. Compose selon la revendication 1, pour Tutilisation comme medicament 
Ansprtiche 

1. Verbindung der Formel: 



HO Jl 



HO' 



JF 

1 

R 

1 



P— — P 

h 



0 

II >OH 



OH 



worin bedeuten: 

R 1 -A- eine Gruppe der Formel 



X 0 

1 " 1 " 

R -NH-C-, R-C-NH- 



oder R 1 -S0 2 -NH-worin R 1 fUr Aryl Oder eine heterocyclische Gruppe steht, von denen 
jede substituiert sein kann durch einen oder mehr Substituenten, ausgewahlt aus der 
Gruppe, die besteht aus Ci-Cs-Alkyl, Ci-Cs-Alkoxy, Ci-C s -Alkylthio, Halogen(Ci-C 6 )alkyl, 
Acyl, Acylamino und Halogen, Oder fur Ci-C 6 -Alkyl steht, das substituiert sein kann durch 
eine heterocyclische Gruppe, die gegebenenfalls durch Acyl substituiert ist, und X fur O 
oder S steht und 
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10 



R 2 Wasserstoff oder Ci -C e -Alkyi, 

mit der MaiBgabe, da/3 dann, wenn R 1 fur Ci-C 6 -Alkyl steht, R 1 -A eine Gruppe der Formel darsteilt 

X 

Rl-NH-O Oder R 1 -S0 2 ~NH 
worin R 1 und X jeweils wie oben definiert sind, und ihre pharmazeutisch akzeptabien Salze. 



2. Verbindung nach Anspruch 1, worin R 1 fur Phenyl, Naphthyl, Pyridyl, Imidazolyl, Thienyl, Chinolyl, 
Benzothienyl oder Benzothiazolyl steht, von denen jedes substituiert sein kann durch einen oder 
mehrere Substituenten, ausgewahlt aus der Gruppe, die besteht aus Ci-C G -Alkyl, Ci-C 5 -Alkoxy, Ci-C 6 - 
Aikylthio, Haiogen(Ci-CG)aikyl, Ci-Cs-Alkoxycarbonyl, Ci-C 5 -Alkanoylamino, Ci-Ce-Alkylsulfonylamino 

15 und Halogen oder steht fur Ci-Ce-Alkyl, das substituiert sein kann durch Imidazolyl, das gegebenenfalls 
durch Ci-C6-AIkoxycarbonyl substituiert ist 

3. Verbindung nach Anspruch 2, worin R 1 -A fur eine Gruppe der Formel steht 

20 x 

it 

R -NH-C- 

25 worin bedeuten: 

R 1 Phenyl, Naphthyl, Ci-Cs-Alkylphenyl, Ci-C 5 -Alkoxyphenyl, Ci-CG-Alkylthiophenyl, Mono- oder 
Dihalogenphenyl, Halogen-(Ci-Ce)alkylphenyl, Ci-C 6 -Alkanoylaminophenyl, Ct-C G -Aikylsulfo- 
nyiaminophenyl, Halogen- und Halogen(Ci-Cs)alkyl-substituiertes Phenyl, Ci-Cs-Alkoxy- und 
Halogen(Ci-Ce)alkylsubstituiertes Phenyl, Pyridyl, Benzo[b]thienyl oder Ci-C 5 -Alkyl und 
30 X 0 oder S und 

R 2 Wasserstoff. 

4. Verbindung nach Anspruch 3, worin R 1 fur Phenyl, Monohalogenphenyl, Mono[halogen(Ci-C6)afkyl]- 
phenyl oder Mono-(Ci-C6)alkylsulfonylaminophenyl steht. 

35 

5. Verbindung nach Anspruch 4, bei der es sich handelt urn das Dinatriumsalz der [N-(Phenyl)- 
thiocarbamoylmethylen]bis(phosphonsaure). 

6. Verbindung nach Anspruch 2, worin R 1 -A fur eine Gruppe der Formel steht: 

40 

O 

1 " 
R -C-NH- 

45 

7. Verbindung nach Anspruch 2, worin R 1 -A- fur eine Gruppe der Formel steht: 
R 1 -S0 2 -NH- 

50 8. Verfahren zur Herstellung einer Verbindung der Formel: 



55 
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KO 



KO 



A 0 

I Hz 

C— P 



OH 



OH 



worin bedeuten: 

R 1 -A- eine Gruppe der Formel 



X O 

R 1 -NH-C-, R 1 -C-NH- Oder R 1 -S0 2 ~NH- 

worin R 1 fur Aryl Oder eine heterocyclische Gruppe steht, von denen jede substituiert sein 
kann durch einen oder mehrere Substituenten, ausgewahlt aus der Gruppe, die besteht 
aus Ct-Ce-Alkyl, Ci-C 6 -Alkoxy, Ci-C s -Alkylthio, Halogen(Ci-C s )alkyl, Acyl, Acylamino und 
Halogen, oder steht fur Ci-C 6 -Alkyl, das substituiert sein kann durch eine heterocyclische 
Gruppe, die gegebenenfails durch Acyl substituiert ist, und X fur O oder S steht, und 
R 2 Wasserstoff oder Ci -C 6 -Alkyl, 

mit der MaBgabe, da/3 dann, wenn R 1 fUr Ci-Cs-Alkyl steht, R 1 -A- eine Gruppe der Formel darstellt 



X 

R 1 -NH-C- Oder R 1 -S0 2 -NH- 

worin R 1 und X jeweils wie oben definiert sind, oder ihres Salzes, das umfafit 
(a) die Umsetzung einer Verbindung der Formel: 



HO u O ^ 
^ P-CH-P 



worin R 2 wie oben definiert ist, oder ihres Salzes mit einer Verbindung der Formel: 
R 1 -NCX 

worin R 1 und X jeweils wie oben definiert sind, oder ihrem Equivalent oder einem Salz derseiben 
unter Bildung einer Verbindung der Formel: 
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R 1 

I 

NH 

o c=x o 

HOJl 1 »,OH 

>- C P s 

Ho' | 2 OH 
R 

worin R 1 , R 2 und X jeweils wie oben definiert sind, oder ihres Salzes, oder 
(b) die Umsetzung einer Verbindung der Formel: 



HO O NH O 

p-C P 

HO^ |, OH 
R 



worin R 2 wie oben definiert ist, Oder ihres reaktionsfahigen Derivats an der Aminogruppe oder ihres 
Salzes mit einer Verbindung der Formel: 



1 " 
R -C-OH 

worin R 1 wie oben definiert ist, oder ihrem reaktionsfShigen Derivat an der Carboxygruppe oder 
ihrem Salz unter Bildung einer Verbindung der Formel: 

R 1 
I 

C=0 

I 

pn 0 NH 0 
H0 N |I | il / 0H 

P — C P 

HO"" I 5 OH 

R 



worin R 1 und R 2 jeweils wie oben definiert sind, oder ihres Salzes, oder 
(c) die Umsetzung einer Verbindung der Formel: 

Hn O NH- O 

H °Nll | 2 M /° H 

P-C P 

X I \ 
HO R 2 OH 

worin R 2 wie oben definiert ist, oder ihres reaktionsfahigen Derivats an der Aminogruppe oder ihres 
Salzes mit einer Verbindung der Formel: 

R 1 -S0 2 -OH 
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worin R 1 wie oben definiert ist, Oder ihrem reaktionsfahigen Derivat an der Sulfogruppe oder ihrem 
Salz unter Bildung einer Verbindung der Formel: 



SO. 



o 

HO II 
Ho' 



NH O 
-C P 

A' v 



OH 



OH 



worin R 1 und R 2 jeweils wie oben definiert sind, oder ihres Salzes, oder 

(d) die Durchfuhrung einer Reaktion zur Eliminierung der Hydroxyschutzgruppe aus einer Verbin- 
dung der Formel: 

R 1 

I 

_3 O A 0 p5 
R 

worin R 3 , R + , R 5 und R s jeweils geschutztes Hydroxy bedeuten und R 1 -A- und R 2 jeweils wie oben 
definiert sind, oder ihrem Salz unter Bildung einer Verbindung der Formel: 



HO 



HO 



O A O 
\l! | 11/ 
P— C— P 



/ 



OK 



OH 



worin R 1 -A- und R 2 jeweils wie oben definiert sind, oder ihres Salzes. 

9. Pharmazeutische Zusammensetzung, die als aktive Komponente eine Verbindung nach Anspruch 1 
oder pharmazeutisch akzeptable Salze derselben in Assoziation mit einem pharmazeutischen TrSger 
enthalt. 

10. Verbindung nach Anspruch 1 fur die Verwendung als Arzneimittel. 
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